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ABSTRACT 

We present a systematic investigation of the rotational lightcurves of trans- 
Neptunian objects based on extensive optical data from Mauna Kea. Four of 13 
objects (corresponding to 31%) in our sample ((33128) 1998 BU 48 , 2000 GN m , 
(20000) Varuna and 1999 KRig) were found to exhibit lightcurves with peak-to-peak 
range > 0.15 magnitude. In a larger sample obtained by combining our data with 
reliably determined lightcurves from the literature, 7 of 22 objects (32%) display 
significant (> 0.15 magnitude range) lightcurves. About 23% of the sampled objects 
have lightcurve ranges > 0.4 magnitudes. Curiously, the objects are very large (;> 250 
km diameter, assuming an albedo of 0.04) and, in the absence of rotation, should be 
near spherical due to self compression. We propose that the large amplitude, short 
period objects are rotationally distorted, low density rubble piles. Statistically, the 
trans-Neptunian objects are less spherical than their main-belt asteroid counterparts, 
indicating a higher specific angular momentum perhaps resulting from the formation 
epoch. In addition to the rotational lightcurves, we measured phase darkening for 7 
Kuiper Belt objects in the to 2 degree phase angle range. Unlike Pluto, the measured 
values show steep slopes and moderate opposition surge indicating backscatter from 
low albedo porous surface materials. 



Subject headings: Kuiper Belt, Oort Cloud - minor planets, solar system: general 
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1. Introduction 

More than 500 Trans-Neptunian Objects (TNOs) have been discovered in the decade since 
the discovery of 1992 QBi (Jewitt & Luu 1993). These objects comprise the Kuiper Belt (also 
known as the Edgeworth-Kuiper Belt) which is thought to contain about 70,000 objects with radii 
greater than 50 km (Jewitt, Luu and Chen 1996). The Kuiper Belt is thought to be a relic from 
the original protoplanetary disk, albeit one that has been dynamically disturbed and collisionally 
processed in ways that are not yet fully understood. 

The Kuiper Belt is the most likely source of the Jupiter-family comets (Fernandez 1980, 
Duncan, Quinn and Tremaine 1988). It is by far the largest long-lived reservoir of small bodies in 
the planetary region, outnumbering the main-belt asteroids and Jovian Trojans by a factor of ~ 
300. The Kuiper Belt Objects (KBOs) are further thought to be chemically primitive, containing 
trapped volatiles and having experienced relatively little thermal evolution since formation. Thus 
we may be able to probe some aspects of the early history of the local solar nebula by studying 
the Kuiper Belt and related objects. 

The determination of the physical characteristics of the KBOs has proceeded very slowly. This 
is because even the brightest known KBOs (other than Pluto and Charon) reach only apparent 
red magnitude iur ~ 19.5 and thus are challenging with current spectroscopic technology. The 
surfaces of KBOs may have been altered over their lifetimes by collisions, cometary activity, and 
irradiation. The largest KBOs might even be partially differentiated from radiogenic heating. 
This could lead to the spinning up of objects to conserve angular momentum. Colors of the KBOs 
have been found to be diverse, ranging from neutral to very red (V-R~ 0.3 to V-R~ 0.8) (Luu & 
Jewitt 1996; Green et al. 1997; Tegler & Romanishin 2000; Jewitt & Luu 2001). While spectra of 
KBOs are mostly featureless, some show weak 2/xm water ice absorptions (Brown, Cruikshank, 
& Pendleton 1999; Jewitt & Luu 2001). Most KBOs are too distant (^ 30 AU) and small to 
resolve with current technology. They are also very cold objects (~ 50K) which emit most of 
their thermal radiation in the inaccessible far infrared wavelengths, requiring observations from 
above the Earth's atmosphere. Thus the most feasible way to determine KBOs shapes and surface 
features is through their photometric light variations. 

The rotations and shapes of the KBOs may be a function of their size. Small KBOs (diameters 
D < 100 km) are thought to be collisionally produced (Farinella and Davis 1996). These objects 
retain no memory of the primordial angular momentum of their parent bodies. Instead, their spins 
are presumably set by the partitioning of kinetic energy delivered by the projectile responsible for 
break-up. Larger objects may be structurally damaged bodies held together by gravity (rubble 
piles). The spins of these objects should be much less influenced by recent impacts. A similar 
situation prevails in the main asteroid belt, where collisional modification of the rotations and 
shapes of the smaller objects is observationally well established (Catullo et al. 1984). The 
large objects in both the main-belt and the Kuiper Belt may provide a record of the primordial 
distribution of angular momenta imbued by the growth process. A key attribute of the Kuiper 
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Belt is that the population is very large compared to the main asteroid belt, allowing access to a 
substantial sample of objects that are too large to have been influenced by recent collisions. 

We here use voluminous time resolved photometric observations to determine the rotational 
lightcurves, colors, and phase functions of KBOs. As our sample, we select the intrinsically 
brightest (presumably largest) KBOs. Specifically, we observed KBOs having absolute magnitude 
Hr < 7.5, corresponding to D > 200 km if a red geometric albedo of pn = 0.04 is assumed. We 
use most of the known KBOs with Hr < 6.0 which corresponds to D > 375 km in our analysis. 
The objects observed were all bright in order to guarantee high signal-to-noise ratios in short 
exposures to adequately sample the KBO lightcurves. 

2. Observations 

The University of Hawaii 2.2 m diameter telescope atop Mauna Kea in Hawaii was used 
with a 2048 x 2048 pixel Tektronix CCD (24 /jm pixels) and a 0."219 pixel" 1 scale at the f/10 
Cassegrain focus. An antireflection coating provides very high average quantum efficiency (0.90) 
in the R-band. The field-of-view was 7'. 5 x 7'. 5. Exposures were taken using BVRI filters based 
on the Johnson-Kron-Cousins system, while the telescope was autoguided on bright nearby stars. 
The seeing ranged from 0."6 to l."5 during the many nights of observation throughout 1999, 2000, 
and 2001. Objects moved relative to the fixed stars at a maximum of 4" hr -1 corresponding to 
trail lengths < 0."45 in the longest (400 sec) exposures. Even for the fastest moving objects in the 
longest exposures the trailing motion is small compared to the seeing and so can be neglected as a 
source of error in the photometry. 

The images were bias subtracted and then flat-fielded using the median of a set of dithered 
images of the twilight sky. Landolt (1992) standard stars were used for the absolute photometric 
calibration. Photometry of faint objects, such as the KBOs, must be done very carefully to 
achieve accurate results. To optimize the signal-to-noise ratio we performed aperture correction 
photometry by using a small aperture on the KBOs (0."65 to 0."88 in radius) and both the same 
small aperture and a large aperture (2. "40 to 3. "29 in radius) on (four or more) nearby bright field 
stars. We corrected the magnitude within the small aperture used for the KBOs by determining 
the correction from the small to the large aperture using the field stars (c.f. Tegler and Romanishin 
2000; Jewitt & Luu 2001). Since the KBOs moved slowly we were able to use the same field stars 
from night to night within each observing run. Thus relative photometric calibration from night 
to night was very constant. The few observations that were taken in mildly non-photometric 
conditions were calibrated to observations of the same field stars on the photometric nights. The 
observational circumstances, geometry, and orbital characteristics of the 13 observed KBOs are 
shown in Tables 1 and 2 respectively. 
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3. Lightcurve Results 

The photometric results for the 13 KBOs are listed in Table 3, where the columns include the 
start time of each integration, the corresponding Julian date, and the magnitude. No correction 
for light travel time has been made. Results of the lightcurve analysis for all the KBOs observed 
are summarized in Table 4 while the mean colors can be found in Table 5. We first discuss the 
lightcurves of (20000) Varuna, 2000 GN m , (33128) 1998 BU 48 , and 1999 KR 16 and give some 
details about the null results below. 

We employed the phase dispersion minimization (PDM) method (Stellingwerf 1978) to search 
for periodicity in the data. In PDM, the metric is the so-called G parameter, which is essentially 
the variance of the unphased data divided by the variance of the data when phased by a given 
period. The best fit period should have a very small dispersion compared to the unphased data 
and thus 6 << 1 indicates that a good fit has been found. 

3.1. (20000) Varuna 

Varuna shows a large, periodic photometric variation (Farnham 2001). We measured a range 
ArriR = 0.42 ± 0.02 mag. and best-fit, two-peaked lightcurve period P = 6.3436 ± 0.0002 hrs 
(about twice the period reported by Farnham), with no evidence for a rotational modulation in 
the B — V, V — R or R — I color indices. These results, and their interpretation in terms of a 
rotating, elongated rubble pile of low bulk density, are described in detail in Jewitt and Sheppard 
(2002). 

3.2. 2000 GN m 

PDM analysis shows that 2000 GN171 has strong PDM minima near periods P = 4.17 hours 
and P = 8.33 hours, with weaker 24 hour alias periods flanking each of these (Figure |l]). We 
phased the data to all the peaks with < 0.4 and found only the 4.17 and 8.33 hour periods 
to be consistent with all the data. The P = 4.17 hour period gives a lightcurve with a single 
maximum per period while the P = 8.33 hour lightcurve has two maxima per period as expected 
for rotational modulation caused by an aspherical shape. Through visual inspection of the phased 
lightcurves we find that the phase plot for P = 4.17 hour (Figure ^) is more scattered than that 
for the longer period of P = 8.33 hour (Figure ||). This is because the double-peaked phase plot 
shows a significant asymmetry of A ~ 0.08 magnitudes between the two upper and lower peaks. 
A closer view of the PDM plot in Figure |] around the double-peaked period allows us to obtain a 
rotation period of P ro t = 8.329 ± 0.005 hours with a peak-to-peak variation of Am = 0.61 ± 0.03 
magnitudes. We believe that the photometric variations in 2000 GN171 are due to its elongated 
shape rather than to albedo variations on its surface. 
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Broadband BVRI colors of 2000 GN171 show no variation throughout its rotation within the 
photometric uncertainties of a few % (Figures |5| and || and Table 6) . This again suggests that 
the lightcurve is mostly caused by an elongated object with a nearly uniform surface. The colors 
B — V = 0.92 ± 0.04, V — R = 0.63 ± 0.03, and R - I = 0.56 ± 0.03 (Table 5 and Table 6) show 
that 2000 GN171 is red but unremarkably so as a KBO (Jewitt and Luu 2001). 



3.3. (33128) 1998 BU 48 

The KBO 1998 BU48 showed substantial variability (> 0.4 magnitude with period > 4.0 hour) 
in R-band observations from 2 nights in 2001 February and April. However, a convincing lightcurve 
could not be found from just these 2 nights separated by 2 months. Additional observations were 
obtained in the period 2001 November 14 — 19. One minimum and one maximum in brightness 
within a single night was observed and put the full single-peaked lightcurve between about 4 
and 6 hours. Through PDM analysis, 1998 BU48 was found to have a peak-to-peak variation of 
Am = 0.68 ± 0.04 magnitudes with possible single-peaked periods near 4.1, 4.9, and 6.3 hours 
which are 24 hour aliases of each other (Figure [?]). By examining the phased data using these 
three possible periods we find that the single-peaked periods of 4.9 ±0.1 and 6.3 ±0.1 hours 
are both plausible (Figure |). The colors, B — V = 0.77 ± 0.05, V — R = 0.68 ± 0.04, and 
R — I = 0.50 ± 0.04 (Table 5) show no sign of variation throughout the lightcurve, within the 
measurement uncertainties (Table 7 and Figure ||) . 



3.4. 1999 KRi 6 

This object was observed on four different observing runs during the course of 2000 and 
2001. The data from 2001 are more numerous and of better quality than the data from 2000. We 
observed one brightness minimum and one maximum within a single night of data and from this 
estimated that the full single-peaked lightcurve should be near 6 hours. In a PDM plot constructed 
using only the inferior data from 2000 we found single-peaked minima at 4.66 and 5.82 hours. 
Phased lightcurves at these periods are acceptable for the year 2000 data, but the 4.66 hour period 
is inconsistent with the data from 2001. In the PDM plot using the R-band data from February, 
April, and May 2001 the best fit single-peaked period is shown to be around 5.9 hours with 
associated flanking peaks from 24 hours and 15 and 60 day sampling aliases (Figure |9|). Closer 
examination of the PDM fit near 5.9 hours shows the 15 and 60 day aliasing much better and gives 



two best fit periods, one at 5.840 and the other at 5.929 hours (Figure 10). We phased the 2001 
data to both single peaks and found neither to be significantly better than the other. The true 
single-peaked period for 1999 KR16 is at one of these two values. The data phased to the 5.840 



hour single-peaked period are shown in Figure 11. Neither of the possible double-peaked periods 



of 11.680 and 11.858 hours show differences between the peaks. The peak-to-peak amplitude of 
1999 KRi 6 is 0.18 ± 0.04 in the 2001 data consistent with that found in the 2000 data. Colors of 
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1999 KRie, B — V = 0.99 ± 0.05, V — R = 0.75 ± 0.04, and R - I = 0.70 ± 0.04, are on the red 
end of the KBO distribution (Table 5). The colors show no signs of variation through the rotation 
of the object to the accuracy of our measurements (Table 8 and Figure [TT] ) . 



3.5. Null Lightcurves 

Nine of the TNOs (2001 FZ 173 , 2001 CZ 31 , (38628) 2000 EB 173 , (26375) 1999 DE 9 , 1998 
HK151, (33340) 1998 VG 44 , (19521) Chaos 1998 WH 24 , 1997 CS 29 , and (26181) 1996 GQ 2 i) show 
no measurable photometric variations. Practically, this means that their lightcurves have range 



< 0.15 magnitudes and/or period > 24 hours (Figures 12 and Table 4). A few objects show 
hints of variability that might, with better data, emerge as rotationally modulated lightcurves. 
Inspection of the 2001 CZ31 data hints at a single-peaked lightcurve of period ~ 3 hours and 
amplitude ~ 0.15 magnitudes, but since the photometry has large error bars we can not be sure of 
this result. The TNO 1999 DE9 may have a long period lightcurve of about 0.1 mag. range since 
the brightness on 2001 April 24 slowly increases towards the end of the night and the February 
data appear to have base magnitudes different by about 0.1 mag. The data from 2000 on 1999 
DE9 show the object to have a flat lightcurve. (33340) 1998 VG44 may also have a long period 
lightcurve since its base magnitudes on 1999 November 11 and 12 are different by about 0.05 mag. 
The bright TNO (19521) 1998 WH24 may have a possible lightcurve of about 4 hours single-peaked 
period and peak-to-peak range of 0.07 mag. Confirmation of these subtle lightcurves will require 
more accurate data, probably from larger telescopes than the one employed here. 



4. Interpretation 

The KBOs should be in principal axis rotation since the expected damping time of any other 
wobbles is much less than the age of the Solar System (Burns & Safronov 1973; Harris 1994). 
Orbital periods of KBOs are long (> 200 years) and thus the pole orientation to our line of sight 
should not change significantly between epochs. The apparent magnitude of a KBO depends on 
its physical characteristics and geometrical circumstances and can be represented as 

m R = m Q - 2.51og \p R r 2 <f>(a)/ (2.25 x 10 16 i? 2 A 2 )l (1) 

in which r [km] is the radius of the KBO, R [AU] is the heliocentric distance, A [AU] is the 
geocentric distance, m Q is the apparent red magnitude of the sun (—27.1), wir is the apparent 
red magnitude, pn is the red geometric albedo, and 4>(a) is the phase function in which the phase 
angle a = deg at opposition and (f)(0) = 1. The apparent brightness of an inert body viewed in 
reflected light may vary because of 1) changes in the observing geometry, including the effects of 
phase darkening as in Eq. (1) and 2) rotational modulation of the scattered light. These different 
effects are discussed below. 
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4.1. Non-uniform Surface Markings 



Surface albedo markings or topographical shadowing can potentially influence the lightcurves. 
Judging by other planetary bodies, the resulting light variations are typically smaller than those 
caused by elongated shape, with fluctuations due to albedo being mostly less than about 10 to 
20 percent (Degewij, Tedesco, Zellner 1979). A color variation at the maximum and minimum of 
a lightcurve may be seen if albedo is the primary cause for the lightcurve since materials with 
markedly different albedos often also have markedly different colors. For example, many pure 
ices and frosts have a very high albedo and are neutral to bluish in color. A lightcurve caused 
by an ice or frost patch should show a bluish color when at maximum brightness. Some of the 
most extreme albedo contrasts are found on Pluto and the Saturnian satellite Iapetus (Table 9). 
The latter is in synchronous rotation around Saturn with its leading hemisphere covered in a very 
low albedo material thought to be deposited from elsewhere in the Saturn system. Iapetus shows 
clear rotational color variations (A(B — V) ~ 0.1 mag.) that are correlated with the rotational 
albedo variations. On the other hand, Pluto has large albedo differences across its surface but 
the hemispherically averaged color variations are only of order 0.01 mag. We feel that neither 
Iapetus nor Pluto constitutes a particularly good model for the KBOs. The large albedo contrast 
on Iapetus is a special consequence of its synchronous rotation and the impact of material trapped 
in orbit about Saturn. This process is without analog in the Kuiper Belt. Pluto is also not 
representative of the other KBOs. It is so large that it can sustain an atmosphere which may 
contribute to amplifying its lightcurve amplitude by allowing surface frosts to condense on brighter 
(cooler) spots. Thus brighter spots grow brighter while darker (hotter) spots grow darker through 
the sublimation of ices. This positive feedback mechanism requires an atmosphere and is unlikely 
to be relevant on the smaller KBOs studied here. 



The critical rotation period (T cr n) at which centripetal acceleration equals gravitational 
acceleration towards the center of a rotating spherical object is 



where G is the gravitational constant and p is the density of the object. With p = 10 3 kg m~ 
the critical period is about 3.3 hours. Even at longer periods, real bodies will suffer centripetal 
deformation into aspherical shapes. For a given density and specific angular momentum (H), 
the nature of the deformation depends on the strength of the object. In the limiting case of a 
strengthless (fluid) body, the equilibrium shapes have been well studied (Chandrasekhar 1987). 
For H < 0.304 (in units of (GM 3 a') 1//2 , where M[kg] is the mass of the object and a'[m] is the 
radius of an equal volume sphere) the equilibrium shapes are the oblate " MacLaurin" spheroids 



4.2. Aspherical Shape 




(2) 
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Oblate spheroids in rotation about their minor axis exhibit no rotational modulation of the 
cross-section and therefore are not candidate shapes for explaining the lightcurves of the KBOs. 
However, for 0.304 < H < 0.390 the equilibrium figures are triaxial "Jacobi" ellipsoids which 
generate lightcurves of substantial amplitude when viewed equatorially. Strengthless objects with 
H > 0.390 are rotationally unstable to fission. 

The KBOs, being composed of solid matter, clearly cannot be strengthless. However, it 
is likely that the interior structures of these bodies have been repeatedly fractured by impact, 
and that their mechanical response to applied rotational stress is approximately fluid-like. Such 
"rubble pile" structure has long been suspected in the main asteroid belt (Farinella et al. 1981) 
and has been specifically proposed to explain the short period and large amplitude of (20000) 
Varuna (Jewitt and Sheppard 2002). The rotational deformation of a rubble pile is uniquely 
related to its bulk density and specific angular momentum. Therefore, given that the shape and 
specific angular momentum can be estimated from the amplitude and period of the lightcurve, it 
is possible to use photometric data to estimate the density. 

Elongated Objects exhibit rotational photometric variations caused by changes in the 
projected cross-section. The rotation period of an elongated object should be twice the single- 
peaked lightcurve variation due to its projection of both long axes (2 maxima) and short axes (2 
minima) during one full rotation. From the ratio of maximum to minimum brightness we can 
determine the projection of the body shape into the plane of the sky. The rotational brightness 
range of a triaxial object with semiaxes a > b > c in rotation about the c axis is given by (Binzel 
et al. 1989) 



where Am is expressed in magnitudes, and 9 is the angle at which the rotation (c) axis is 
inclined to the line of sight (an object with = 90 deg. is viewed equatorially). 

It is to be expected that, through collisions, fragments would have random pole vector 
orientations. For example, the collisionally highly evolved asteroid belt shows a complete 
randomization of pole vector orientations, 6. Only the largest asteroids may show a preference for 
rotation vectors aligned perpendicular to the ecliptic (9 = 90°), though this is debatable (Binzel 
et al. 1989; Drummond et al. 1991; De Angelis 1995). In the absence of any pole orientation data 
for the KBOs, we will assume they have a random distribution of spin vectors. Given a random 
distribution, the probability of viewing an object within the angle range 9 to 9 + d9 is proportional 
to sm(9)d9. In such a distribution, the average viewing angle is 9 = 60 degrees. Therefore, on 
average, the sky-plane ratio of the axes of an elongated body is smaller than the actual ratio by a 
factor sin(60) » 0.87. 

In addition to rotational deformation, it is possible that some asteroids and KBOs consist of 
contact binaries (Jewitt & Sheppard 2002). For a contact binary consisting of equal spheres, the 
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axis ratio of 2:1 corresponds to a peak-to-peak lightcurve range Am = 0.75 mag., as seen from the 
rotational equator. For such an object at the average viewing angle 9 = 60 degrees we expect Am 
= 0.45 mag. 

Collisionally produced fragments on average have axis ratios 2 : 2 1 / 2 : 1 (Fujiwara, Kamimoto, 
& Tsukamoto 1978; Capaccioni et al. 1984). When viewed equatorially, such fragments will have 
Am = 0.38 mag. At the mean viewing angle 9 = 60 degrees we obtain Am = 0.20 mag. 

4.3. Lightcurve Model Results 

The KBOs in our sample are very large (D > 250 km assuming a low albedo) and should, in 
the absence of rotational deformation, be spherical in shape from gravitational self compression. 
The large amplitudes and fast rotations of (20000) Varuna, 2000 GN m , and (33128) 1998 BU 48 
suggest that the lightcurves are caused by elongation and not surface albedo features. In support of 
this is the finding that (33128) 1998 BU48 an d (20000) Varuna have no color variations throughout 
their lightcurves and 2000 GN171 has only a slight if any variation in color. Independently 2000 
GN171 shows two distinct lightcurve maxima and minima which is a strong reason to believe the 
object is elongated. The other lightcurve we found was for 1999 KRi6- Since its amplitude is much 
smaller and period longer, the lightcurve of 1999 KR16 may be more dominated by nonuniform 
albedo features on its surface, though we found no measurable color variation over the rotation. 

Table 10 lists the parameters of albedo, Jacobi ellipsoid and binary models that fit the axis 
ratios estimated from the lightcurve data (Table 4). For each object and model, we list the 
minimum bulk density, p, required to maintain a stable configuration, as described in Jewitt and 
Sheppard (2002). We briefly describe the procedure below for 2000 GN171. Results for the rest of 
the significant light variation objects in our sample ((20000) Varuna, (33128) 1998 BU48, arm 1999 
KR16) can be seen in Table 10 using the data from Table 4. 

We use Equation |3| to estimate the axis ratio a/b. If we assume that the rotation axis is 
perpendicular to our line of sight (9 = 90) we obtain 

- = 1 o°- 4Am fl (4) 
b 

Using AmR = 0.61 magnitudes we obtain from Equation || a/b = 1.75 : 1 for 2000 GN171. 
This is a lower limit to the intrinsic axis ratio because of the effects of projection into the plane 
of the sky. If 2000 GN171 is a Jacobi triaxial ellipsoid with P = 8.329 hours then its a : b : c 
axis ratio would be 1.75 : 1 : 0.735 and the lower limit on the density would be p = 635 kg 
m -3 (Chandrasekhar 1987; see Jewitt & Sheppard 2002 for a KBO context discussion of Jacobi 
ellipsoids). Finally if 2000 GN171 were a contact binary the ratio of the two radii, a± : 02, would 
be 1.15 : 1 with a lower limit to the density of p = 585 kg m~~ 3 (see Jewitt & Sheppard 2002 for a 
discussion of contact binaries in the KBO context). Finally, though it is unlikely, if 2000 GN171 
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is spherical and the lightcurve is due to a 1.75 : 1 contrast in albedo then the lower limit to the 
density of the KBO would be p = 157 kg m~ 3 from Equation Q and using P = 8.329 hours. 

5. Discussion 

In Table 9 we show objects in the Solar System which have one axis of at least 200 km and 
which show large amplitude lightcurves. Interestingly there is a group of asteroids that are large 
(D = 200 to 300 km) and which have substantial lightcurve amplitudes. They also possess fast 
rotations. These objects are probably rotationally deformed "rubble piles" which may be similar 
to a Jocabi ellipsoid type object (Farinella et al. 1981). Such rubble pile structures may form 
in the main asteroid belt because all objects have been effected by the high-velocity (~ 5 km/s) 
collisions that occur there (Farinella, Paolicchi, Zappala 1982). The effect of collisions is highly 
dependent on the object size. Objects with D > 300 km are large enough not to be completely 
turned into rubble piles or have their momentum greatly altered. Objects with diameters 200 to 
300 km are large enough to be gravitationally bound but impacts over the age of the Solar System 
will transform them into rubble piles and may significantly change their angular momentum. Most 
asteroids with D < 200 km are thought to be fragments from catastrophic collisions and are not 
massive enough to be gravitationally spherical. 

How does the collisional outcome scale with velocity and density differences in the asteroid 
belt versus the Kuiper Belt? We assume the target body has catastrophic break up when the 
projectile kinetic energy equals the gravitational binding energy of the target 

Mp Av 2 = — 5 
2 5r t 

where Av is the mean collisional speed, M is mass, r is radius, and subscripts p and t refer 
to projectile and target, respectively. For collisions with a target of given radius, the ratio of the 
sizes of the projectiles needed to cause disruption in the main-belt and in the Kuiper Belt is 

r p ,KB 
r p,MB 

where we have assumed all Kuiper Belt objects have density pkb, ah main belt asteroids have 
density pmb- Here r P: MB and t Pi kb are the radii of the projectile in the main belt and Kuiper 
Belt which are needed to fracture the target in their respective belts, pt,MB and pt,KB are the 
densities of the target body in the main belt and Kuiper Belt respectively, and Avmb and Avkb 
are the respective collision velocities. If we put in nominal values of pt,MB = 3000 kg m 3 , vmb = 5 
km s _1 and pt,KB = 1000 kg m 3 , vkb = 1-5 km s _1 for the main belt asteroids and Kuiper Belt 



Pt,MB \ f Avkb\ 
Pt,KB J \ Av MB J 



2 -J 7° 



(6) 
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respectively we find 

r p ,KB ~ l-5r Pi MB- (7) 

Thus for targets of equal size, a projectile has to be about 50% larger in the Kuiper Belt than 
in the main belt to be able to cause catastrophic break up of the target body. This difference is 
not large and since the current collisional timescales for the asteroids and Kuiper Belt objects are 
similar (Davis & Farinella 1997; Durda & Stern 2000), other factors such as material strength and 
the number density of objects during early formation of each belt will be important in determining 
collisional differences. 

The current Kuiper Belt has been found to be erosive for KBOs with D < 100 km while many 
of the larger objects are probably rubble piles (Davis & Farinella 1997). Laboratory and computer 
simulations show that self-gravitating targets are more easily fractured than dispersed (Asphaug 
et al. 1998). Once formed, rubble pile structures can insulate the rest of the body from the energy 
of impact, further inhibiting disruption. Collision experiments by Ryan, Davis, and Giblin (1999) 
also show that porous ices dissipate energy efficiently The outcome of impact into a rubble pile 
depends heavily on the angle of impact. We note that glancing low velocity collisions substantially 
alter the spin of the target body and can create elongated objects and contact binaries (Leinhardt, 
Richardson, k, Quinn 2000). These simulations all hint that rubble pile structures are able to 
remain gravitationally bound after an impact, but that their angular momentum may be altered 
in the process which could produce elongated shapes. 

To date eight binary Kuiper Belt objects have been reported. It seems that there may be a 
large fraction of binary KBOs. It also appears that about 32% of KBOs are highly elongated. 
Both the binaries and the highly elongated shapes indicate large specific angular momentum, most 
likely delivered by glancing collisions. The current rate of collisions is too small however for any 
substantial modifications of the spins or shapes of KBOs (Jewitt and Sheppard 2002). Instead, 
we prefer the hypothesis that the binaries and elongated shapes are products of an early, denser 
phase in the Kuiper Belt, perhaps associated with its formation. 



5.1. Other Lightcurve Observations 

We now consider lightcurve observations of KBOs published by others in order to make 
a larger sample. Unfortunately, few KBOs to date have been shown through independent 
observations to have repeatable lightcurves. Hainaut et al. (2000) reported that (19308) 1996 
T066 has a lightcurve which varies in amplitude over the course of one year and interpreted this 
as a result of possible on-going cometary activity. Object 1996 T066 may show a color difference 
throughout its rotation (Sekiguchi et al. 2002). In contrast, 1996 T066 was reported to have a flat 
lightcurve by Romanishin & Tegler (1999) during the same year in which Hainaut et al. (2000) 
detected variation. Our own observations show that 1996 T066 does have a significant lightcurve, 
basically confirming the variation originally observed by Hainaut et al. (2000) and contradicting 
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the null detection by Romanishin & Tegler (Sheppard 2002). Conversely, an object reported to 
have a lightcurve by Romanishin & Tegler (1999), (15820) 1994 TB, was found by us to display 
no significant variation (Sheppard 2002). Because of these conflicts of unrepeatability, and since 
many of the Romanishin & Tegler targets were very sparsely sampled with raw data that remains 
unpublished, we use their work with caution in the following analysis. 

Our combined sample of 22 KBOs comprises only well observed objects with numerous 
observations that could constrain any significant photometric variation from this (Table 4) and 
other (Table 11) works. Among the objects newly observed in this survey (Table 4), the fraction 
with significant lightcurve variation is f(Am R > 0.15) = ^ (31%) and f(Am R > 0.40) = (23%). 
Including the objects reliably observed by others (Table 11) yields f(Am R > 0.15) = ^ (32%) 
and f(Am R > 0.40) = ^ (23%). Although we have evidence that some of their lightcurves are 
unrepeatable, we note that Romanishin & Tegler (1999) found a comparable f(Am R > 0.10) = 
(27%). We consider that these results all point to a similar fraction f(Am R > 0.15) ~ 32% and 
f(Am R > 0.40) ~ 23%. 

The samples of objects with significant lightcurves and flat lightcurves were tested for 
correlations with orbital parameters and colors. No significant correlations were found. From 
the sample of 22 objects, 2 of the 9 (22%) resonant objects, 4 of the 8 (50%) classical objects, 
and 1 of the 5 (20%) scattered objects had measurable lightcurves (Am R > 0.15). Many of the 
objects shown in Table 11 are detailed elsewhere by us (Sheppard 2002) because they were objects 
particularly targeted by us to confirm their reported lightcurves and determine amplitudes and 
periods if a lightcurve was seen. The 13 objects reported in this paper (Table 4) were selected 
because of their size and brightness and not because of previous reports of their variability. 

In comparison to the percentages of KBOs with large amplitude lightcurves (> 0.40 
or about 1.5 difference in brightness), the four main belt asteroids with D > 400 km have 
f(Am R > 0.40) = j (0%), the largest being only about 0.15 magnitudes (Lagerkvist, Harris, & 
Zappala 1989; Tedesco 1989). For main-belt asteroids with D > 200 km f(Am R > 0.40) = ^ 
(19%) when their poles orientations are = 90 degrees to our line of site. With the average 
pole orientation of 9 = 60 degrees only (11%) (f(Am R > 0.40) = Jt) have large amplitude 
lightcurves. These large amplitude lightcurve objects are thought to be the Jacobi ellipsoid type 
objects. Asteroids with D < 200 km have f(Am R > 0.40) = ^ (23%) while the Centaurs 
(Chiron, Asbolus, Pholus, Chariklo, Hylonome, (31824) 1999 UG5, and (32532) 2001 PT13) have 
f{Am R > 0.40) = 2 (0%). These objects are small and thus thought to be collisional fragments. 

Figure [l3| shows how the largest (D > 200 km) main belt asteroids compare with the Kuiper 
Belt objects. Many of the Kuiper Belt objects fall in the upper and upper left parts of this figure, 
where the Jacobi ellipsoids are encountered in the asteroid belt. There is a bias in the KBO 
sample since light variations of less than about 0.1 magnitudes are very hard to detect, as are long 
single-peak periods > 24 hours. 

The Student's t-test was used to measure the significance of the differences between the means 
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of the asteroid and KBO periods and amplitudes. In order to reduce the effects of observational 
bias we used only periods less than 10 hours and amplitudes greater than 0.2 magnitudes from 
Figure We found that the period distributions of the asteroids are significantly shorter than 
for the KBOs. The mean periods are 5.56 ± 0.89 and 7.80 ± 1.20 hours for the asteroids and 
KBOs respectively, giving a t-statistic of —3.84 (12 degrees of freedom) which is significant at 
the 99.7% confidence level. This difference is formally significant at the 3a level by the Student's 
t-test, but it would be highly desirable to obtain more data from another large unbiassed survey 
in order to be sure of the effect. The KBOs have a larger mean amplitude, but the significance 
between the difference of means, 0.36 ± 0.11 vs. 0.50 ± 0.16 magnitudes for the asteroids and 
KBOs respectively, is only 95% (2a) with a t-statistic of —1.83. This may be because the KBOs 
are less dense and more elongated, on average, than asteroids. Below we discuss in more detail the 
shape distribution of the Kuiper Belt. 



5.2. Shape Distribution Models 

What constraints can be placed on the intrinsic distribution of KBO shapes from the apparent 
(sky-plane projected) distribution? We used a Monte-Carlo model to project several assumed 
intrinsic distributions into the plane of the sky and then compared them with the observations. 
This was done by using a pole orientation distribution proportional to s'm9. The apparent axis 
ratio for each object was then calculated from this pole orientation distribution and the intrinsic 
axis ratio selected from one of several assumed distributions. 

Firstly, as an extreme case, we ask whether the data are consistent with selection from intrinsic 
distributions in which all the objects have a single axis ratio x = b/a, with x = 0.80, 0.66, 0.57 or 



0.50 (Figure 14). The Figure shows that the form of the resulting amplitude distribution differs 
dramatically from what is observed. We conclude that the distribution KBO lightcurve amplitudes 
cannot be modeled as the result of projection on any single axis ratio. A range of shapes must 
be present. While not surprising, this result does serve to demonstrate that the KBO lightcurve 
sample is of sufficient size to be diagnostic. 

Secondly, we explored the effect of the width of the distribution using 

-(x - x ) 



^>{x)dx = exp 



2a 2 



dx (8) 



where ^>{x)dx is the number of KBOs with axis ratios in the range x to x + dx, a is the standard 
deviation or width parameter and xq is the mean axis ratio. Examples for xq = 0.66 and a = 



0, 0.35, 0.75, and 1.0 are plotted in Figure 15. We assumed that all objects had axis ratios 
0.5 < x < 1.0. The Figure shows that the data require an intrinsically broad distribution of body 
shapes, specifically with a dispersion comparable to the mean axis ratio. 



Thirdly, we assumed that the axis ratios of the KBOs followed a differential power-law 
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distribution of the form 

^(x)dx = x~ q dx (9) 

where q is a constant, and *$>(x)dx is again the number of KBOs with axis ratios in the range x 
to x + dx. We assumed 0.5 < x < 1.0. A positive q favors objects with small axis ratios while 
negative q favors objects that are near spherical. The results can be seen in Figure |§. The q = -5 
distribution is very similar to an exponential distribution with its peak at an axis ratio of x = 1. 
Again we see that the models fit the data better with a broader distribution of axis ratios. 

Fourthly, we ask whether the data are consistent with selection from an intrinsic distribution 
of shapes caused by collisional fragmentation. The fragment shape distribution is taken from 



Catullo et al. (1984). Figure 17 shows that the KBO Am distribution is inconsistent with the 
collisional fragment distribution in the sense that more highly elongated KBOs are found than 
would be expected from the impact fragments. This finding is consistent with collisional models 
(Farinella and Davis 1996, Kenyon and Luu 1999) in the sense that only KBOs smaller than a 
critical diameter ~ 100 km are likely to be impact fragments, while the observed KBOs are all 
larger than this. 

Finally, we ask whether the data are consistent with selection from an intrinsic distribution 
of shapes like that measured in the large (D > 200 km) main-belt asteroid population. 
We take this distribution from the published lightcurve data base of Lagerkvist, Harris, & 
Zappala (1989) which has been updated by A. Harris on the world wide web at jhttp://cfcv 



www.harvard.edu /iau /lists /LightcurveDat .html . The results are shown in Figure |17], where we 



see that the KBOs contain a larger fraction of highly elongated objects than are found amongst 
the main-belt asteroids. A plausible explanation for such a large fraction of the highly elongated 
Kuiper Belt objects is that the objects are very large yet structurally weak and of low density. 
This would allow many of the Kuiper Belt objects to be gravitationally bound rubble piles easily 
distorted by centripetal forces due to their rotation. 



5.3. KBO Density Comparisons in the Solar System 

The Kuiper Belt objects are thought to consist of water ice with some rocky material mixed 
in, similar to the comets. How do the densities of the outer satellites compare to what we have 



found for our sample of Kuiper Belt objects? In Figure 18 we plot all the outer icy bodies in the 
Solar System that have well known densities and are less than 3000 km in diameter. There is 
a clear trend, with larger objects being denser. The KBOs seem to follow this trend. We also 
note there appears to be an object size vs. lightcurve amplitude and size vs. period trend for the 
KBOs in our data. Objects that have densities less than that of water ice (1000 kg m -3 ) must 
have significant internal porosity or be composed of ices less dense than water (see Jewitt and 
Sheppard 2002). 



To date only about 10 main belt asteroids have reliably measured bulk densities. Most of 
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these are from perturbation calculations between asteroids though two have been measured by 
passing spacecraft and a few others found from the orbital motions of known companions. Most 
asteroid densities are consistent with that of rock, 2000 < p < 3000 kg m~ 3 . Some of the asteroids 
densities have been found to be lower than expected and attributed to internal porosity possibly 
from rubble pile structure (Yeomans et al. 1997). 

In Table 9 we present new densities for five main belt asteroids calculated under the 
assumption that they are equilibrium rotational (Jacobi ellipsoid) figures. We used their 
lightcurves as seen at maximum amplitude, to eliminate the effects of projection. The densities 



are higher than those of the Kuiper Belt objects obtained using the same method (Figure |l9j ) but 
lower than expected for solid rock objects. This provides another hint that these objects may be 
internally porous. The densities of 15 Eunomia (790 ± 210 kg m" 3 ) and 16 Psyche (1800±600 kg 
m~ 3 ) were reported separately from measurements of gravitational perturbations (Hilton 1997; 
Viateau 2000). The higher density for 16 Psyche is particularly interesting because this object is 
an M-type asteroid and thus expected to have a high density. The main belt asteroid 45 Eugenia 
was found to have a companion which was used by Merline et al. (1999) to find a density of 
1200^200 kg m~ 3 . Asteroid densities found by others are probably underestimated since they 
assumed that the objects were spheres. A sphere has the highest volume to projected area ratio 
and thus any deviation from a sphere will cause the object to appear to have a lower density. We 
calculated the density for these objects using the assumption they are Jacobi ellipsoids and thus 
the parameters used are the well known period and amplitude from the lightcurves. Interestingly 
the five best examples of main belt rotationally deformed asteroids (Table 9) are found in all the 
main classes, 2 C-type, 1 each of S, P, and M- types. 



6. Phase Functions of KBOs 

At large phase angles, the phase function in Equation [l] may be approximated as 

0(a) = lO"^ (10) 

where a is the phase angle in degrees, and f3 is the "linear" phase coefficient. Empirically, the 
magnitude of [5 is inversely correlated with the surface albedo (Gehrels 1970; Bowell et al. 1989; 
Belskaya and Shevchenko 2000), suggesting that we might be able to indirectly assess the albedos 
of KBOs from their phase functions. Unfortunately this is not possible. The maximum phase 
angle attained by an object at distance R [AU] is roughly a max [degrees] = At R = 30 
AU, for instance, a max = 1.9 degrees. This is exactly the phase angle range in which the 
opposition surge is potentially important (Scaltriti and Zappala 1980; Belskaya and Shevchenko 
2000). The opposition surge is a complex, multiple scattering phenomenon which occurs in the 
grains of a porous regolith. The magnitude of the opposition surge, which causes an increase in 
scattered intensity over and above that predicted by Equation [R] at small a, is determined by 
coherent-backscattering and is a complex function of regolith physical and optical properties. It is 
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not simply related to the albedo and Equation [T(] must be modified to take account of this surge. 
Nevertheless, the phase functions provide a new basis for comparison of the KBOs, and should be 
measured if we are to accurately assess the sizes of KBOs from their optical data. 

Seven of the KBOs were observed over a range of phase angles sufficient for us to measure 
the phase darkening. We plot the quantity m^j(l, l,ct) = iur — 51og(i?A) against a for these 7 
KBOs in Figures 2C and Figure When observations from consecutive nights were available we 



averaged the phase angle and apparent magnitude over those nights to create a single point with 
small uncertainty. If an object showed a lightcurve, its time-averaged mean apparent magnitude 
was used. The linear least squares fits to the KBO data are listed in Table 12 and shown in 
Figure Within the uncertainties, we find that photometry of the 7 KBOs is compatible with 
j3(a < 2°) = 0.15 ± 0.01 mag deg -1 . In contrast the phase function for Pluto was found to be 
linear throughout the to 2 degrees phase angle range with (3 (a < 2°) = 0.0372 ± 0.0016 mag 
deg -1 , indicating a very shallow if any opposition surge and consistent with a high albedo surface 
(Tholen and Tedesco 1994). 

Since the small phase angle observations are affected by the "opposition surge", caused by 
multiple scattering within the porous regolith, we also fit the data using the Bowell et al. (1989) 
H — G scattering parametrization. This technique gives a curved relation at small phase angles 
that becomes asymptotically like the linear (5 relation at large phase angles and thus attempts to 
account for the opposition surge. In the Bowell et al. formalism H is the absolute magnitude of 
the object, analogous to mjj(l, 1,0). The parameter G provides a measure of the slope of the phase 
function at large angles, analogous to j3. It is scaled so that G = corresponds to the darkest 
surfaces found on the asteroids while G = 1 corresponds to the brightest (Bowell et al. 1989). The 
results of the H — G fits are presented in Table 12 and Figures [H| and ^2|. The KBOs show steep 
slopes with a possible moderate opposition surge. The best-fit values of the G parameter are very 
low with an average of —0.21. This small G value more closely resembles that of dark, C-type 
asteroids (G ~ 0.15) than the brighter, S-types (G ~ 0.25) in the main-belt. This is consistent 
with, though does not prove, the assumption that the majority of KBOs are of very low albedo. 
The similarity of the slopes of the phase functions of all KBOs in our sample suggests comparative 
uniformity of the surface compositions, physical states, and albedos. As a comparison, Pluto was 
found to have a best fit G = 0.88 ± 0.02 using data from Tholen & Tedesco (1994). The dramatic 
difference between the backscattering phase functions of Pluto and the smaller KBOs studied here 
is shown in Figure This difference is again consistent with the smaller KBOs having low albedo 
(0.04?) surfaces qualitatively different from the high albedo (0.6), ice-covered surface of Pluto. 



7. Summary 



We have conducted a systematic program to assess the rotations and sky-plane shapes of 
Kuiper Belt Objects from their optical lightcurves. 
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1. Four of 13 (31%) bright Kuiper Belt objects in our sample ( (33128) 1998 BU 48 , 20 00 
GN171, (20000) Varuna, and 1999 KRig) show lightcurves with range Am > 0.15 mag. In an 
enlarged sample combining objects from the present work with objects from the literature, 7 of 22 
(32%) objects have Am > 0.15 mag. 

2. The fraction of KBOs with Am > 0.4 mag (23%) exceeds the corresponding fraction in the 
main-belt asteroids (11%) by a factor of two. The KBO Am distribution is inconsistent with the 
distribution of impact fragment shapes reported by Catullo et al. (1984). 

3. The large Kuiper Belt Objects (33128) 1998 BU 48 , 20 00 GN m and (20000) Varuna 
show large periodic variability with photometric ranges 0.68 ± 0.04, 0.61 ± 0.03 and 0.45 ± 0.03 
magnitudes, respectively, and short double-peaked periods of 9.8 ± 0.1, 8.329 ± 0.005 and 
6.3565 ± 0.0002 hours, respectively. Their BVRI colors are invariant with respect to rotational 
phase at the few percent level of accuracy. 

4. If these objects are equilibrium rubble piles distorted by centripetal forces due to their 
own rotation, the implied densities must be comparable to or less than that of water. Such low 
densities may be naturally explained if the KBOs are internally porous. 

5. In the phase angle range < a < 2 deg the average slope of the phase function of 7 KBOs 
is f3(a < 2°) = 0.15 ± 0.01 mag deg -1 (equivalently, G = —0.2). The corresponding slope for 
ice-covered Pluto is (3{a < 2°) ~ 0.04 mag/deg (equivalently, G = 0.88). The large difference is 
caused by pronounced opposition brightening of the KBOs, strongly suggesting that they possess 
porous, low albedo surfaces unlike that of ice-covered Pluto. 
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Fig. 1. — The phase dispersion minimization (PDM) plot for 2000 GN171. A smaller theta 
corresponds to a better fit. Best fits from this plot are the 4.12 hour single-peaked fit and the 
8.32 hour double-peaked fit. Both are flanked by 24 hour alias periods. 

Fig. 2. — Phased R-band data from the UT April 20 — 25 and May 11 — 13, 2001 observations of 
2000 GN171. The period has been phased to 4.17 hours which is the best fit single-peaked period. 
The May data have been corrected for geometry and phase angle differences relative to the April 
data (see Table 1). The points are much more scattered here than for the better fit double-peaked 
period (Figure ||). 

Fig. 3. — Phased R-band data from the UT April 20 — 25 and May 11 — 13, 2001 observations for 
2000 GN171. The period has been phased to 8.329 hours which is the best fit double-peaked period. 
The May data have been corrected for geometry and phase angle differences relative to the April 
data (see Table 1). 

Fig. 4. — Closer view of the phase dispersion minimization (PDM) plot for 2000 GN171 around the 
doubled-peaked period near 8.33 hours. The best fit at 8.329 hours is flanked by aliases from the 
~ 15 day separation of the 2 data sets obtained for this object. 

Fig. 5.— The phased BVRI data from the UT April 20 - 25 and May 11 - 13, 2001 observations of 

2000 GN171. The period has been phased to 8.329 hours which is the best fit double-peaked period. 
The May data have been corrected for geometry and phase angle differences relative to the April 
data (Table 1). The BVI data have been shifted by the amount indicated on the graph in order to 
correspond to the R data. No color variation is seen within our uncertainties. A Fourier fit shows 
the two pronounced maximum and minimum. 

Fig. 6. — The colors of 2000 GN171 plotted against rotational phase. 

Fig. 7. — Phase dispersion minimization (PDM) plot for (33128) 1998 BU48 from the November 

2001 data. Best fits from this plot are the 4.9 and 6.3 hour single-peaked fits and the 9.8 and 12.6 
hour double-peaked fits. 

Fig. 8.— BVRI phased data from the UT November 14 - 19 observations of (33128) 1998 BU 48 . 
The period has been phased to 6.29 hours which is one of the best fit single-peaked periods for 
(33128) 1998 BU 4 s, the other being around 4.9 hours. 

Fig. 9. — Phase dispersion minimization (PDM) plot for 1999 KR16 using all the R-band data from 
February, April and May 2001. Best fits from this plot are near the 5.9 hour single-peak period 
and the 11.8 hour double-peaked period. Both are flanked by aliases of the 24 hr and ~ 15 and 
~ 60 day sampling periodicities. 
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Fig. 10. — A closer view of the phase dispersion minimization (PDM) plot for 1999 KRi6 around 
the best fit single-peaked periods near 5.9 hours. 



Fig. 11.— The phased BVRI data from the UT April 24 - 25 and May 11 - 13, 2001 observations 
of 1999 KRi6- The period has been phased to 5.840 hours which is one of the best fit single-peaked 
period for 1999 KR 16 , the other being at 5.929 hours. 



Fig. 12. — The null lightcurves of KBOs found to have no significant variation: a) 2001 FZ173 b) 
2001 CZ31 c) (38628) 2000 EBi 73 d) (26375) 1999 DE 9 e) 1998 HKi 5 i f) (33340) 1998 VG44 g) 
(19521) Chaos 1998 WH 24 h) 1997 CS 29 i) (26181) 1996 GQ 2 i- 



Fig. 13. — Rotational variability and periods of all the asteroids with diameters > 200 km and of 
Kuiper Belt objects in our sample. Objects in the upper and upper left portions of the graph are 
possibly rotationally deformed rubble piles. The asteroid amplitudes which were taken from pole 
orientations of 90 degrees have been corrected to a mean pole orientation at 60 degrees to better 
compare them with the KBOs of unknown orientation. KBOs with amplitudes < 0.1 magnitudes 
and periods > 12 hours are subject to observational bias against detection. 



Fig. 14. — Monte Carlo simulations using a constant axis ratio for all KBOs. Error bars for the 
KBO points are based on a Poisson distribution. 



Fig. 15. — Monte Carlo simulations using Gaussians centered on the axis ratio of 1:1.5 with 
different standard deviations (Equation ||). Error bars for the KBO points are based on a Poisson 
distribution. 



-22- 



Fig. 16. — Monte Carlo simulations using power laws of different slopes (Equation ||). Error bars 
for the KBO points are based on a Poisson distribution. 



Fig. 17. — Monte Carlo simulations using all large asteroids (D > 200 km) and a collisional 
distribution from Catullo et al. (1984). Error bars for the KBO points are based on a Poisson 
distribution. 



Fig. 18. — Sizes and densities of icy bodies. A trend is observed in which the larger the object the 
higher the density. The solid line is over plotted to show the expected bulk density of a pure water 
ice sphere with size (Lupo and Lewis 1979). Other lines indicate how the density would behave 
with added porosity and rock. Data points for satellite densities are from the JPL Solar System 
Dynamics web page. 



Fig. 19. — Size and densities of possible rotationally deformed KBOs and main belt asteroids. The 
asteroids have lower densities than expected for solid rock, but are still denser than the KBOs. 



Fig. 20. — Phase functions for Kuiper Belt objects observed at several phase angles. The best 
linear fit gives a phase coefficient of (3{a < 2°) = 0.15 magnitudes per degree. Objects with more 
than two data points show evidence of the nonlinear opposition surge. 



Fig. 21. — Phase functions of all 7 KBOs observed at multiple phase angles. The reduced 
magnitudes have been normalized to show all objects relative slopes. Over plotted are fits of 
the slope parameter G = 0.05, 0.15 (C-type), and 0.25 (S-type). The best fit slope parameters of 
all KBOs are below G = 0.05 which is consistent with scattering from low albedo surfaces. 



Fig. 22. — Comparison of phase functions for the typical KBO 1999 KRi6 and Pluto. The Solid 
line is the best fit Bowell et al. HG phase function for 1999 KR16 with G = —0.08. Data points 
for Pluto are from Tholen & Tedesco (1994) and are offset in the vertical direction from -1.0. Pluto 
has a best fit G = 0.88 shown with the dashed line. 
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Table 1. Geometrical Circumstances of the Observations 



Name 


UT Date 


R 


A 


a 








(AU) 


(AU) 


(deg) 


(38628) 


2000 EBi 73 


zuui reu ll 


9Q 77 


9Q 1 9 
zy . i z 


1 4 C > 


(38628) 


2000 EBi 73 


9nm Anr 91 

ZiUUX iApi £L 


9Q 7^ 


98 77 

ZO. i i 


fl 47 


(38628) 


2000 EBi 73 


9nm Anr 99 

ZiUUX iApi 


9Q 74 


98 77 

ZO. i i 


n 4Q 


(38628) 


2000 EBi 73 


9nm Tun 

LUUl 'J UII OU 


9Q 71 


9Q ^9 
zy . oz 


i cn 


(26375) 


1999 DE 9 


2000 Anr 28 


33 7Q 


33 36 


1 C i C i 


(26375) 


1999 DE 9 


2000 Anr 30 


33 7Q 


33 39 

OO .Oc/ 


1 "iS 

J- -OO 


(26375) 


1999 DE 9 


2000 Mav 1 


33 79 


33 40 

OO .4U 


1 ^9 


(26375) 


1999 DE 9 


9001 Fph 1Q 


oo . yu 


39 Q8 
oz . yo 


18 

U. -LO 


(26375) 


1999 DE 9 


2001 Feb 21 

1CU J. 


33 Qfi 

(JO . C/U 


39 Q7 

O^i . 1 


19 

VJ. li 


(26375) 


1999 DE 9 


9nm Anr 94 

ZiUUX iApi 


34 on 


33 47 


1 4^ 

J. .4:0 


(26375) 


1999 DE 9 


9nm Anr 9^ 

ZiUUX iApi L(J 


34 on 


33 4Q 


1 47 
-L .4 i 


(26181) 


1996 GQ 2 i 


9nm Vah 91 

zuui reu 


3Q 9^ 


38 7^ 

OO. / 


1 9fi 
l.ZU 


(26181) 


1996 GQ21 


9nm Anr 90 


3Q 98 


38 97 

OO.Z / 


19 

U. 1Z 


(26181) 


1996 GQ21 


9nm Anr 91 


3Q 98 
oy .zo 


38 97 

OO.Z / 


nil 

U. 11 


(26181) 


1996 GQ21 


9nm Anr 99 

ZiUUX iApi 


3Q 98 

O-J . zo 


38 97 

OO.Z / 


1 1 

\J. J. -L 


(26181) 


1996 GQ21 


9nm Anr 93 

ZiUUX iApi 


3Q 98 
OJ . zo 


38 98 


1 1 

U. -L -L 


(26181) 


1996 GQ21 


9nm Anr 9"i 


3Q 98 
oy .zo 


38 98 
oo.zo 


n 14 

U. 14: 




2000 GN171 


9nm Anr 90 
ZUU1 /ipi zu 


98 80 
zo.ou 


97 89 
Z i .oz 


n 44 

U.4:4: 




2000 GN m 


9nni Anr 91 
ZUU1 iA.pi Zl 


98 80 


97 89 
Z i .oz 


n 48 

U.4:0 




2000 GN171 


Ofini Anr 99 
ZUU1 iA.pi 


98 80 
Zo.OU 


97 83 
Z i .oo 


n f^i 

U.Ol 




2000 GNiTi 


9nm Anr 93 
iApi ZO 


98 80 

ZO.OU 


97 83 
Z i .oo 


n ^4 

U.04: 




2000 GN171 


9nm Anr 94 
ZUU1 iApi 


98 80 

ZO.OU 


97 84 
Z i .04 


n ^8 

u.oo 




2000 GN m 


9nm Anr 9 C > 
ZUU1 iApi Z<J 


98 80 

ZO.OU 


97 84 
Z f .o^± 


U.U 1 




2000 GN m 


9nm A/Tnv 1 1 


98 7Q 
zo. t y 


97 Q^i 
z i .yo 


111 

1.11 




2000 GN171 


onni Aim/ 1 9 

zuui ivxay xz 


98 7Q 
zo. i y 


97 Qfi 
z i .yu 


1 14 

1 . 14: 




2000 GNiTi 


2001 Mav 1 3 
auui iv±d y -l o 


98 7Q 


97 Q7 


1 1 7 
1.1 J 


(19521) Chaos 


1998 WH 24 


1 QQQ Nnv OQ 
iyyy imuv uy 


49 3Q 
4:Z.oy 


41 49 

■4: 1 .^iZ 


n 98 

u.zo 


(19521) Chaos 


1998 WH 24 


1 QQQ Mfiv 1 


49 3Q 


41 49 

4:1 .4Z 


n 9R 

u.zu 


(33340) 


1998 VG44 


1 QQQ Nnv 1 1 
iyyy imuv 11 


30 4fi 


9Q 4Q 


39 
u.oz 


(33340) 


1998 VG44 


1 QQQ M n v 1 9 

iyyy inuv iz 


30 4fi 

0U.4:U 


90 48 

Zy .4:0 


9Q 
u.zy 




2001 FZi 73 


9001 Anr 94 


33 93 


39 49 

O Z . 4 Zi 


1 04 

J. .U4: 




2001 FZ173 


9001 Anr 9^ 


33 93 


39 43 

OZ .40 


1 0(S 

-L .UU 


(33128) 


1998 BU 48 


9001 FpK 91 
zuui rcu z± 


97 HO 
Z i .uu 


9fi H4 

ZU.U4 


n 4^ 

U.4:0 


(33128) 


1998 BU 48 


9001 Anr 9^ 
ZUU1 r\.pi ZO 


97 fi8 
Z i .uo 


97 49 

Z i .4Z 


9 09 
Z.UZ 


(33128) 


1998 BU 48 


9001 Nnv 14 

ZUU1 INUV 14: 


97 Q3 
z i .yo 


97 Qf\ 
z i .yu 


9 03 
z.uo 


(33128) 


1998 BU 48 


9001 Nnv 1 
ZUU1 INUV 10 


97 Q4 


97 Q9 
z i .yz 


9 03 
Z.UO 


(33128) 


1998 BU 48 


9001 Nnv 1 7 

ZiKJKJ J. 1MUV -Li 


97 Q4 
z i . y4 


97 Q1 
z i . y j. 


9 03 
z.uo 


(33128) 


1998 BU 48 


9001 Nnv 1 8 

ZUU1 INUV -LO 


97 Q4 

Z l .y4 


97 8Q 
z ( .oy 


9 03 
z.uo 


/ooi o o \ 

(33128) 


"1 f\f\ O T"> T T 

1998 BU4 8 


9001 Nnv 1 Q 

ZUU1 1MUV Lcf 


97 Q4 
z i .y4 


97 88 
Z ( .oo 


9 03 
z.uo 




1999 KRie 


2000 Apr 28 


38.04 


37.05 


0.31 




1999 KRie 


2000 Apr 30 


38.03 


37.05 


0.36 




1999 KRi 6 


2000 May 01 


38.03 


37.06 


0.38 




1999 KRi 6 


2001 Feb 18 


37.84 


37.33 


1.30 




1999 KRi 6 


2001 Feb 19 


37.84 


37.32 


1.28 




1999 KRie 


2001 Apr 24 


37.80 


36.80 


0.16 




1999 KRie 


2001 Apr 25 


37.80 


36.80 


0.18 




1999 KRi 6 


2001 May 11 


37.80 


36.86 


0.59 




1999 KRi 6 


2001 May 12 


37.79 


36.86 


0.62 



1 



Table 1. (continued) 



Name UT Date R A a 

(AU) (AU) (deg) 



1999 KRie 2001 May 13 37.79 36.87 0.64 

1997 CS 29 2001 Feb 21 43.59 42.77 0.73 
2001 CZ 3 i 2001 Feb 20 41.41 40.47 0.44 
2001 CZ31 2001 Feb 21 41.41 40.48 0.46 
2001 CZ31 2001 Apr 20 41.41 41.19 1.36 

1998 HK151 2001 May 01 30.38 29.40 0.46 
1998 HK 151 2001 May 02 30.38 29.40 0.43 
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Table 2. Parameters of Observed Objects a 



Name 


Class b 


H 




e 


a 






(mag) 


(°) 




(AU) 


(38628) 2000 EB 173 


R 


4.7 


15.5 


0.273 


39.3 


(20000) Varuna 2000 WRioe 


C 


3.7 


17.1 


0.055 


43.2 


(26375) 1999 DE 9 


s 


4.7 


7.6 


0.423 


55.9 


(26181) 1996 GQ 2 i 


s 


5.2 


13.4 


0.588 


92.8 


2000 GN m 


R 


5.8 


10.8 


0.279 


39.3 


(19521) Chaos 1998 WH 24 


c 


4.9 


12.0 


0.110 


46.1 


(33340) 1998 VG 44 


R 


6.5 


3.0 


0.260 


39.6 


2001 FZi 73 


S 


6.2 


12.2 


0.622 


88.0 


(33128) 1998 BU 48 


s 


7.2 


14.2 


0.387 


33.5 


1999 KR 16 


c 


5.8 


24.9 


0.298 


48.5 


1997 CS 29 


c 


5.2 


2.2 


0.015 


44.2 


2001 CZ 31 


c 


5.5 


10.2 


0.097 


45.3 


1998 HKibi 


R 


7.6 


6.0 


0.224 


39.1 



a Parameters from the Minor Planet Center. H is the absolute magnitude which is its brightness 
if the object were at 1 AU from the Sun and Earth and the phase angle is zero, i is the inclination, 
e is the eccentricity, and a is the semimajor axis. 

b S is a Scattered type object, C is a Classical type object, and R is a Resonance type object. 
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Table 3. Observations of Kuiper Belt Objects 





Object Image 3 


UT Date b 


Julian Date c 


Exp d 
(sec) 


Mag. e 
(m R ) 


/ o \ 

(38628) 


c\r\r\r\ Trn 

2000 EBi 73 












6066 


2001 Feb 21.4853 


2451961.9853 


200 


19.318 




6067 


2001 Feb 21.4889 


2451961.9889 


200 


19.323 




6072 


2001 Feb 21.5195 


2451962.0195 


200 


19.360 




6073 


2001 Feb 21.5231 


2451962.0231 


200 


19.363 




6081 


2001 Feb 21.5658 


2451962.0658 


200 


19.364 




6082 


2001 Feb 21.5695 


2451962.0695 


200 


19.362 




6087 


2001 Feb 21.5939 


2451962.0939 


200 


19.352 




6088 


2001 Feb 21.5975 


2451962.0975 


200 


19.364 




6094 


2001 Feb 21.6273 


2451962.1273 


200 


19.347 




6095 


2001 Feb 21.6310 


2451962.1310 


200 


19.355 




6096 


2001 Feb 21.6347 


2451962.1347 


200 


19.343 




6097 


2001 Feb 21.6384 


2451962.1384 


200 


19.377 




6101 


2001 Feb 21.6573 


2451962.1573 


200 


19.352 




6102 


2001 Feb 21.6610 


2451962.1610 


200 


19.356 




2039 


2001 Apr 21.3006 


2452020.8006 


200 


19.178 




2040 


2001 Apr 21.3043 


2452020.8043 


200 


19.184 




2044 


2001 Apr 21.3270 


2452020.8270 


200 


19.215 




2045 


2001 Apr 21.3308 


2452020.8308 


200 


19.183 




2048 


2001 Apr 21.3474 


2452020.8474 


200 


19.207 




2056 


2001 Apr 21.3914 


2452020.8914 


200 


19.189 




2057 


2001 Apr 21.3951 


2452020.8951 


200 


19.201 




2064 


2001 Apr 21.4159 


2452020.9158 


200 


19.193 




2074 


2001 Apr 21.4702 


2452020.9702 


200 


19.166 




2075 


2001 Apr 21.4739 


2452020.9739 


200 


19.199 




2078 


c\ r\r\-i 4 c\-\ a c~\{~\-\ 

2001 Apr 21.4891 


2452020.9891 


200 


19.196 




2079 


2001 Apr 21.4928 


2452020.9928 


200 


19.184 




2083 


2001 Apr 21.5117 


2452021.0117 


200 


19.165 




2084 


2001 Apr 21.5154 


2452021.0154 


200 


19.185 




2087 


2001 Apr 21.5298 


2452021.0297 


200 


19.174 




2088 


2001 Apr 21.5334 


2452021.0334 


200 


19.164 




2092 


2001 Apr 21.5536 


2452021.0536 


300 


19.234 




2093 


2001 Apr 21.5585 


2452021. U585 


OAA 

300 


19.180 




2094 


2001 Apr 21.5634 


2452021.0634 


300 


19.147 




2095 


2001 Apr 21.5682 


2452021.0682 


300 


19.188 




3076 


2001 Apr 22.4437 


2452021.9437 


200 


19.195 




3078 


2001 Apr 22.4510 


2452021.9507 


200 


19.198 




3024 


2001 Jun 30.2807 


2452090.7807 


300 


19.394 




3025 


2001 Jun 30.2857 


2452090.7857 


300 


19.384 




3039 


2001 Jun 30.3349 


2452090.8349 


300 


19.345 


(26375) 


1999 DE 9 












2026 


2000 Apr 28.2686 


2451662.7686 


300 


20.073 




2027 


2000 Apr 28.2739 


2451662.7739 


300 


20.081 




2028 


2000 Apr 28.2788 


2451662.7788 


300 


20.025 




2029 


2000 Apr 28.2837 


2451662.7836 


300 


20.053 




2030 


2000 Apr 28.2885 


2451662.7885 


300 


20.040 




2034 


2000 Apr 28.3111 


2451662.8111 


300 


20.032 




2035 


2000 Apr 28.3163 


2451662.8163 


300 


20.026 



1 



Table 3. (continued) 



Object 


Image a 


UT Date b 


Julian Date c 


Exp d 


Mag. e 










(sec) 


(mR) 




203o 


orinn A ^« no 001 o 

2UUU Apr 28.3212 


0/1CT1/2/20 OOIO 

2451oo2.8212 


onn 
300 


on n c i 
2U.051 




20,38 


onrin A oo oocrn 

2UUU Apr 28.3359 


0/1CT1/2/20 OOtTO 

2451oo2.8358 


onn 

300 


on nno 

20.098 




2039 


2UUU Apr 28.3408 


o /< cr 1 /? o oai~\o 

2451oo2.84U8 


onn 

300 


on no o 

2U.028 




on a n 
2040 


orinn A^« oo O/icT 
2UUU Apr 28.3457 


O/icri/^/^o o^cr'7 
2451oo2.8457 


onn 
300 


on noo 
2U.038 




2041 


orinn A ^« oo otn/? 

2UUU Apr 28.3500 


O/icri/^/^o ocrncr 
2451oo2.85U5 


onn 
300 


on non 
2U.03y 




on a o 
2043 


onnn A oo 1 
2UUU Apr 28.3oll 


O/icri/^^o oci 1 
2451oo2.8oll 


onn 
300 


on ni a 
2U.014 




on A A 

2044 


onnn A oo o/r?crn 

2UUU Apr 28.3659 


0/icr"i/?/?o o£?crn 

2451oo2.8o5y 


onn 

300 


on nno 

20.008 




on /< cr 

2045 


onrin A oo oTnT 

2UUU Apr 28.3707 


0/1CT1/2/20 OTn£? 

2451662.8706 


onn 

300 


on no cr 

2U.025 




on /< 

2045 


onrin A oo otct a 

2UUU Apr 28.3754 


0/1CT1/2/20 OTtT/J 

2451oo2.8754 


onn 

300 


on no cr 

2U.025 




on /i t 
2047 


orinn A ^« oo oono 
2UUU Apr 28.3802 


O/i ci /jco oono 
2451oo2.88U2 


onn 
300 


on n a n 
2U.040 




on a o 
2048 


orinn A^« oo oorn 
2UUU Apr 28.3851) 


O/i ci /jco oo/in 
2451oo2.884y 


onn 
300 


1 n no ~ 

iy.y85 




on cr o 

2052 


onnn A oo /inocr 

2UUU Apr 28.4085 


0/icr"i/?/?o nnocr 

2451662.9085 


onn 

300 


on noo 

2U.028 




on cr o 

205,} 


onrin A—,- oo /i"ioo 

2UUU Apr 28.4133 


0/icT"i£?£?o nioo 

2451002.9133 


onn 

300 


on ni a 

2U.014 




on cr /< 

2054 


onnn A oo At oo 

2UUU Apr 28.4183 


0/icr"i/?/?o nioo 

2451oo2.yi82 


onn 

300 


on ni o 

2U.012 




one cr 

2055 


orinn A^« oo /(ooo 
2UUU Apr 28.4232 


2451oo2.y231 


onn 
300 


on noo 
2U.038 




/i no i 
4021 


orinn A ^« on o^^/i 
2UUU Apr 3U.2oo4 


O A CT 1 CiCi A TC'C' A 

2451oo4.7oo4 


onn 
300 


on c\c\a 

2u.oyo 




/i noo 
4022 


onnn A ^« on oti /i 
2UUU Apr 31). 2714 


2451oo4.7714 


onn 
300 


on n£!T 
2U.007 




/< no o 

4023 


onnn A on ot/?o 

2UUU Apr 3U.2762 


o a cr 1 a a a tt£?o 

2451664.7762 


onn 

300 


on n cr cr 

20.055 




/< no /< 

4024 


onnn A on 001 ~i 

2UUU Apr 3U.2811 


O /I CT 1 /I TO"l"l 

2451oo4.7811 


onn 

300 


on a^c 

2U.075 




A HOC 

402o 


onnn A on on/^T 

2UUU Apr 3U.2yo7 


O A CT 1 A 'IClCi'l 

2451oo4.7yo7 


onn 
300 


on nncr 

2u.oy5 




/i noT 
4027 


onnn A on oni cr 

2UUU Apr 31). 31)15 


2451oo4.8U15 


onn 
300 


on non 
2U.080 




/i no o 
4028 


onnn A ^« on on/?o 

2UUU Apr 3U.3002 


2451oo4.8Ub2 


onn 
300 


on nTO 
2U.072 




/< non 

4029 


onnn A on 01 i n 

2UUU Apr 30.3110 


0/lCT1£?£?/l OI 1 A 

2451oo4.811U 


onn 

300 


on n/ -1 o 

20.068 




A non 

4030 


onnn A on 01 cro 

2UUU Apr 30.3158 


O/ICTI/?/?/! oitro 

2451oo4.8158 


onn 

300 


on noo 

20.082 




/< no o 


onnn A — on ooa^ 

2(J(J(J Apr 3D. 3307 


O/icri/?/?/! oono 

2451oo4.83U8 


onn 

300 


on nnn 

2U.099 




/i no /i 
4034 


onnn A on oor/? 

2UUU Apr 3U.3350 


2451oo4.83oo 


onn 
300 


on nT/i 
2U.074 




4035 


onnn A^« on o^nr 
2UUU Apr 3U.3405 


2451oo4.84U5 


onn 
300 


on non 
2U.08y 




4036 


onnn A on o a cr cr 

2000 Apr 30.3455 


0/icTi£?/?/i O/Jtrtr 

2451oo4.8455 


onn 

300 


on n cr i 

20.051 




/< n /< n 

4U4U 


onnn A on oti 

2000 Apr 30.3713 


O/ICTI/?/?/! 071 O 

2451664.8713 


onn 

300 


on c\c i 

20.061 




41)41 


onnn A on ot/?o 

2000 Apr 30.3762 


0/lCT1£?£?/l OT^JO 

2451oo4.87o2 


onn 

300 


on n a o 

2U.042 




AC\ A A 

41)44 


onnn A . on onno 

2UUU Apr 3U.3908 


O/in/^/^/1 onno 
2451oo4.8yU8 


onn 
300 


on ni cr 
2U.015 




rno O 

o028 


2000 May 1.28693 


2451oo5.78oy 


onn 
300 


on nTn 
2U.07y 




5035 


onnn i\/r~~ i oooc\o 
2000 May 1.33803 


O/i ci ccc ooon 
2451oo5.838U 


onn 
300 


on noo 
2U.082 




crn /< i 

5041 


onnn l\/r n i otooi 

2000 May 1.37821 


0/icri/?/?cr otoo 

2451665.8782 


onn 

300 


on c\cc\ 

20.060 




40o8 


onni Tr^l-. in ^o/io 

2001 l"eb 19.4342 


O/lcrincrn no^o 

2451959.9342 


onn 

200 


in o crn 

19.850 




/i nTO 
4072 


onni ttuu in a a 
2001 reb 19.448b 


2451959.948b 


onn 
200 


1 n ooc 
iy.83o 




oUoy 


onni ttuu oi oono 
2001 ceo 21.3302 


O/icin^i oono 
24519bl.8302 


onn 
200 


1 n to o 
iy.738 




£;n /i n 
0040 


onni ttuu oi ooon 
2001 ceo 21.3339 


o^cinci ooon 
2451961.8339 


onn 
200 


i n T/in 

iy.74y 




/?n /< cr 

6045 


onni Tr^l-. oi o^j^n 

2001 l"eb 21.3b40 


O/lcrin/^1 or 1 Art 

2451961.8640 


onn 

200 


in tct o 

19.753 




6046 


2001 Feb 21.3677 


2451961.8677 


200 


19.801 




6052 


2001 Feb 21.4045 


2451961.9045 


200 


19.759 




6053 


2001 Feb 21.4082 


2451961.9082 


200 


19.772 




6060 


2001 Feb 21.4505 


2451961.9505 


200 


19.780 




6061 


2001 Feb 21.4541 


2451961.9541 


200 


19.817 




5017 


2001 Apr 24.2621 


2452023.7621 


250 


20.133 




5018 


2001 Apr 24.2663 


2452023.7663 


250 


20.159 




5023 


2001 Apr 24.2949 


2452023.7949 


250 


20.120 




5024 


2001 Apr 24.2991 


2452023.7991 


250 


20.146 
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Table 3. (continued) 



Object Image a 


UT Date b 


Julian Date c 


Exp d 

(sec) 


Mag. e 
(mR) 


51)27 


onm A o a oi to 

2UU1 Apr 24.3173 


O/i conoo 01 to 
2452U23.8173 


cn 
25U 


on 1 on 
2U.13y 


5028 


2UU1 Apr 24.3215 


O/Jtronoo 001 cr 

2452U23.8215 


crn 

250 


on "i on 

2U.12y 


trno i 

5031 


2UU1 Apr 24. 6696 


O/Jtronoo oono 

2452023.8393 


crn 

25U 


on 1 00 

2U.122 


5U32 


onm A r\ a O/ior 

2UU1 Apr 24.3435 


O/i conoo O/ior 
2452023.8435 


crn 
25U 


on 1 00 
2U.133 


5U35 


onm \ oci t 

2UU1 Apr 24.3017 


O/i conoo cc~i t 
2452023. 8017 


crn 
25U 


on 1 oc 
2U.120 


tr noc 

503o 


onm A o a occrn 

2(J(J1 Apr 24.3559 


o^tronoo occrn 

24521)23. 8559 


crn 

250 


on nnn 

2u.oyy 


CflQQ 
OUoy 


^uui Apr ^4.0000 


OA KOfiOQ qqqc; 
^402U2o.OOO0 




on 1 


tr n a n 

5040 


onm A a 00*7*7 

2001 Apr 24. ,3877 


O/Jtronoo 00*7*7 

2452023.8877 


crn 

250 


on n*7*7 

20.077 


tr n ^ o 

51)43 


onm a o a /incrc 

2UU1 Apr 24.4U5o 


O/Jtronoo nncrc 

2452023.9055 


crn 

250 


on n/r?T 

2U.057 


CCi A A 

51)44 


onm A ^« a a nno 

2UU1 Apr 24.4(jyo 


O/ironoo nnno 
2452U23.y(jyo 


crn 
250 


on no 1 
2U.081 


51)48 


2UU1 Apr 24.4333 


0^ conoo nooo 
24521)23. \)666 


crn 
250 


on nno 
2U.008 


cr\ Ar\ 

5049 


2UU1 Apr 24.4375 


O/Jtronoo noTcr 

2452023.9375 


crn 

250 


on n a n 

20.040 


cno /J 

6034 


2001 Apr 25.ooo9 


O/Jtrono/J ooon 

24521)24. 833y 


crn 

250 


on 1 ot 

20.137 


cno c 

5035 


onm \ „ „ otr 0000 
2001 Apr 25. 6666 


O/Jtrono/J 0000 

24521)24.8383 


onn 

200 


on 1 1 t 

2U.117 












oU7o 


2001 *eb 21.5371 


OK1HCO noTi 

245iyo2.(J371 


onn 
300 


on cr a cr 
2U.545 


cnTT 

OU77 


2001 reb 21.54iy 


OKinco A/11 n 
245iyo2.(J4iy 


onn 
300 


on /?ao 
2U.003 


cno c 

6085 


onm TTVI-. 01 rrooo 

2UU1 i^eb 21.5838 


O/Jtrinr'O nooo 

245iyo2.(J838 


onn 

300 


on cr cr a 

20.556 


en o/" 1 

0U80 


onm tvu 01 coot 

2UU1 i^eb 21.5887 


O/Jtrinco nooT 

2451962.0887 


onn 

300 


on cr ot 

2U.587 


cnnn 


onm ttul 01 cn*7/i 
2001 ^eb 21.01)74 


2451962. 1U74 


onn 
300 


on crc 

2U.503 


cnm 


onm ttul 01 ci 00 
2001 reb 21.0122 


n tcifico 1100 
2451962.1122 


onn 
300 


on cr 1 
2U.581 


cnno 


onm ttul 01 ci 7n 

2001 *eb 21.0171) 


2451962.1170 


onn 
300 


on crco 
2U.502 


6093 


onm tvu 01 coin 

2UU1 i^eb 21.0219 


o/irin/^o inn 

2451962.1219 


onn 

300 


on cr cr cr 

20.555 


6098 


onm ttvi-. 01 a a o c 

2UU1 i^eb 21.0425 


2451962.1425 


onn 

300 


on cr cr 

20.535 


cnnn 


Onm TTVI-. OI C/l*70 

2UU1 i^eb 21.0473 


2451962.1473 


onn 

300 


on cr cr cr 

2U.555 


olUU 


onm ttul 01 c coo 
2001 reb 21.0522 


2451962.1522 


onn 
300 


on cr crc 
2U.550 


1U53 


onm \ on ono/i 

2UU1 Apr 2U.oy24 


O/icomn ono a 
2452019.8924 


onn 
300 


on OT A 

2U.374 


1054 


onm A on onT/i 

2001 Apr 20.3974 


o^tromn or\TA 

2452019.8974 


onn 

300 


on on 

20.380 


i n tr o 

1058 


onm A. on A~\ c>~7 

2001 Apr 20.4167 


o^tromn m c>~7 

2452019.9167 


onn 

300 


on OTT 

20.377 


i n tr n 

iu5y 


onm A . on /loi A 

2001 Apr 20.4214 


o^tromn nn A 

2452019.9214 


onn 

300 


on t 

2U.387 


!Uo2 


onm A. on ^o/?n 

2001 Apr 20.4360 


O/icomn no/^n 
2452019. 936U 


onn 
300 


on otc 
2U.370 


!Uo3 


onm A. on a ac\q 

2001 Apr 20.44U8 


O/icomn r\Ano 
2452019. 94U8 


onn 
300 


on oct 
2U.307 


!Uo7 


onm A. on AE.oa 

2001 Apr 20.4586 


O/icomn ftcoi? 
2452019.9586 


onn 
300 


on crn 
2U.35y 


"i nc o 

1068 


onm A . on /l/^oo 

2001 Apr 20.4633 


o^tromn nroo 

2452019.9633 


onn 

300 


on AC\ A 

2U.404 


"1 nT"l 

11)71 


onm A . on /l*700 

2001 Apr 20.4782 


o^tromn htoo 

2452019.9782 


onn 

300 


on 1 ■ (\ 

2U.3o9 


11)72 


onm A. on Aoort 

2001 Apr 20.483U 


O/icomn noon 
2452019. 983U 


onn 
300 


on OTn 
2U.37y 


i nTcr 
11)75 


onm A. on ac\oo 

2001 Apr 20.4983 


O/icomn nnoo 
2452019.9983 


onn 
300 


on cr 
2U.358 


1 nTC 

1U70 


onm A. on moi 

2001 Apr 20.5U31 


O/iconon nnoi 
2452020.0031 


onn 
300 


on a 
2U.343 


1 nTn 

1079 


onm A . on cri ocr 

2001 Apr 20.5185 


o^tronon m ocr 

2452020.0185 


onn 

300 


on a n 

20.349 


1080 


2001 Apr 20.5233 


2452020.0233 


300 


20.378 


1084 


2001 Apr 20.5435 


2452020.0435 


300 


20.410 


1086 


2001 Apr 20.5540 


2452020.0540 


300 


20.367 


1087 


2001 Apr 20.5588 


2452020.0588 


300 


20.367 


1088 


2001 Apr 20.5636 


2452020.0636 


300 


20.410 


1089 


2001 Apr 20.5684 


2452020.0684 


300 


20.383 


1090 


2001 Apr 20.5732 


2452020.0732 


300 


20.361 


1091 


2001 Apr 20.5782 


2452020.0782 


300 


20.356 


1092 


2001 Apr 20.5830 


2452020.0830 


300 


20.304 
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Table 3. (continued) 



Object 


Image a 




UT Date b 


Julian Date c 


Exp d 

(sec) 


Mag. e 
(mR) 




on a o 
2U42 


onn 
200 


\ 01 o 1 en 

. Apr 21.olo9 


2452020.8169 


onn 
oOO 


on oe 
2U.OOO 




on a o 

204:3 


onn 

200 


. Apr 21.6211 


2452020.8217 


onn 

300 


on 0^7 a 

20.374 




on e o 

21)58 


onn 

20 


A oi onn/ 1 

. Apr 21.399b 


2452020.8996 


onn 

oOO 


on oe c 

2U.OO0 




on en 


onn 
200 


A t")1 Af\ AC 

. Apr 21.4045 


2452020.9045 


onn 
oOO 


on OTn 
2U.O70 




one e 
21)00 


onn 
200 


\ 01 a onn 

. Apr 21.4200 


n tcinon nonn 
2452020.9200 


onn 
oOO 


on 000 
2U.o82 




once 

oUoo 


onn 
200 


A OO /inTI 

. Apr 22.4071 


2452021.9070 


onn 
oOO 


on oen 

2u.ooy 




one o 

3068 


onn 

200 


A ~- oo /I ~i e o 

. Apr 22. 41o8 


2452021.9168 


onn 

300 


on oe^7 

20.367 




ono /J 

3084 


onn 

200 


A OO AT/IT 

. Apr 22.4767 


2452021.9767 


onn 

300 


on O A T 

20.347 




ono e 

31)85 


onn 

20 


. Apr 22.4815 


2452021.9814 


onn 

oOO 


on 000 

20.626 




once 

0U80 


onn 
200 


A oo a ceo 
. Apr 22.4802 


2452021.9862 


onn 
oOO 


on a 
2U.o4o 




ono o 
0U88 


onn 
200 


A oo /inee 

. Apr 22.4900 


2452021.9966 


onn 
oOO 


on oeT 
2U.007 




onon 

3089 


onn 

200 


A oo e n i a 

. Apr 22. o014 


conon aai /< 

2452022.0014 


onn 

300 


on "i 

20.331 




onnn 

3090 


onn 

200 


A oo eneo 

. Apr 22.50o2 


2452022.0062 


onn 

300 


on oee 

20.366 




onno 

O092 


onn 

20 


A OO C0^7"l 

. Apr 22.5271 


2452022.0271 


onn 

oOO 


on on 

2U.089 




oU9o 


onn 
200 


. Apr 22.5ol9 


2452022.0319 


onn 
oOO 


on oto 
2U.072 




onn e 


onn 
200 


A ^« oo e a en 
. Apr 22.5409 


2452022.0469 


cn 
o50 


on on 
2U.O09 




onne 


onn 
200 


\ oo ciroo 

. Apr 22.5522 


2452022.0522 


cn 
o50 


on one 
2U.O05 




onno 

3098 


onn 

200 


A OO C/'OO 

. Apr 22.5633 


2452022.0633 


cn 

350 


on a c 

20.345 




onnn 

3099 


onn 

20 


A oo eeoe 

. Apr 22.5o8o 


2452022.0686 


cn 

00O 


on oc*7 

2U.057 




3100 


onn 
200 


A OO C7/in 

. Apr 22.5740 


2452022.0740 


cn 
o50 


on 000 
2U.088 




4U71 


onn 
200 


A 00 a enn 

L Apr 20.4500 


H tCIHOO ArAA 

2452022.9500 


onn 
oOO 


on O A T 

2U.047 




4072 


onn 
200 


\ OO AC AO 

. Apr 26. 4548 


2452022.9548 


onn 
oOO 


on 00c 
2U.o25 




4077 


onn 

200 


A*-.,- OO A ffl 

. Apr 23.4667 


2452022.9667 


onn 

300 


on O A A 

2U.o41 




/J nTo 

4078 


onn 

200 


. Apr 2o. 471o 


2452022.9716 


onn 

300 


on oe 

20.386 




/J non 

41)81) 


onn 

20 


A 00 A OA A 

. Apr 23.4814 


2452022.9814 


onn 

oOO 


on ce 

2U.O0O 




4082 


onn _ 
200. 


A 00 jnio 

. Apr 26A912 


2452022.9912 


onn 
oUU 


on 01 
2U.ol2 




/i no o 
4080 


onn~ 
200. 


A 00 a nen 

. Apr 26. 4yoU 


2452022.9960 


onn 
oUU 


on on 
20.009 




/i no /i 

4084 


onn~ 

200. 


A 00 enno 

. Apr 23.5008 


2452023.0008 


onn 

300 


on oon 

20.O29 




/< no e 

4085 


onn - 

200. 


A „ „ 00 enee 

. Apr 23.5056 


O/lcoAoo nnce 

2452023.0056 


onn 

300 


on oen 

20.369 




/< no/? 

408o 


onn - 

200- 


A „ „ 00 ci no 

. Apr 2o.510o 


2452023.0103 


onn 

oOO 


on 000 

20.688 




/i noT 
4087 


onn~ 
200. 


A 00 ci ci 

. Apr 26. 5151 


2452023.0151 


onn 
oUU 


on onn 
20.0UU 




/i no o 
4088 


onn~ 
200. 


A 00 cino 

L Apr 26. 5iy8 


2452023.0198 


onn 
oUU 


on OC7 
20.057 




a nnn 

4090 


onn~ 
200. 


A 00 cone 

L Apr 2o.o2yo 


O/iconoo none 
2452023.0296 


onn 
oUU 


on o^n 
20.o7y 




4091 


onn~ 

200. 


A „ „ OO CO/JC 

. Apr 23.5345 


2452023.0345 


onn 

300 


on onn 

20.300 




A nno 

4092 


onn - 

200 


A 00 cono 

. Apr 2o.5o92 


O/lcronoo nono 

2452023.0392 


onn 

oOO 


on ce 
20.OOO 




a nno 

4090 


onn~ 
200. 


A OO C A AC\ 

. Apr 26. 544U 


O/iconoo n a n 
2452023.0440 


onn 
oUU 


on a e 
20.04o 




/i nn /i 
4094 


onn~ 
200. 


A OO C^OO 

L Apr 20.5488 


2452023.0488 


onn 
oUU 


on ooe 

20.000 




/i nn e 

4095 


200. 


A OO CCOC 

L Apr 2o.55o5 


2452023.0535 


onn 
oUU 


on oen 
20.05y 




a nn/? 

4096 


onn~ 

200 


A „ „ OO CCOO 

. Apr 23.5583 


2452023.0583 


onn 

300 


on a n 

20.340 




4098 


200: 


L Apr 23.5684 


2452023.0684 


300 


20.321 




4099 


200: 


L Apr 23.5732 


2452023.0732 


300 


20.322 




6060 


200: 


L Apr 25.4942 


2452024.9942 


300 


20.350 




6061 


200: 


L Apr 25.4990 


2452024.9990 


300 


20.382 




6064 


200: 


L Apr 25.5154 


2452025.0154 


300 


20.349 




6065 


200: 


L Apr 25.5201 


2452025.0201 


300 


20.323 




6066 


200: 


L Apr 25.5251 


2452025.0250 


300 


20.338 




6067 


200: 


L Apr 25.5299 


2452025.0299 


300 


20.372 




6072 


200: 


L Apr 25.5618 


2452025.0617 


300 


20.310 



4 



Table 3. (continued) 



Object Image 3 




UT Date b 


Julian Date c 


Exp d 
(sec) 


Mag. e 
(mR) 


/? A70 

0073 


2UU 


OF. CCC C 

L Apr 25.0000 


O/ICOAOC A/2/2C 

2452025. 0005 


OAA 

3UU 


OA OOO 


n r\ a 

6074 


OA A 

2UU 


. Apr 25.5713 


/i coao c atio 

2452025.0713 


OAA 

300 


OA OOO 

20.282 


2000 GIN i7i 












1042 


OAA 

2UU 


A OA 0001 

L Apr 20.3331 


2452019.8331 


OAA 

300 


OA CCO 

20.553 


i a /i o 
1043 


OAA 

2UU 


A OA OO^fl 

L Apr 20.3379 


O A ETOni A OOTA 

2452019.8379 


OAA 

300 


OA C O A 

20.524 


1047 


OAA 

2UU 


A OA O A 

L Apr 20.3034 


O .4 COA1 A CCO A 

2452019.8034 


OAA 

300 


OA OAT 

20.397 


1048 


OAA 

2UU 


A OA orOO 

. Apr 20.3682 


0/1COA1A O/'OO 

2452019.8082 


OAA 

300 


OA OOO 

20.383 


i A/in 

1049 


OAA 

2UU 


A OA 070A 

. Apr 20.3730 


O/ICOAIA OT/1A 

2452019.8740 


OAA 

300 


OA O A A 

20.349 


1 ATA 

1050 


OAA 

2UU 


A OA OTTO 

. Apr 20.3778 


O/ICOAIA OTTO 

2452019.8778 


OAA 

300 


OA O AC 

20.345 


1 API 

1051 


OAA 

2UU 


A OA OOOC 

L Apr 20.3820 


O .4 COA 1 A O OO C 

2452019.8825 


OAA 

300 


OA O C O 

20.352 


1052 


OAA 

2UU 


A OA OC7C 

L Apr 20.3870 


O .4 COA1 A 07C 

2452019. 887o 


OCA 

250 


OA O C A 

20.354 


1 a c/? 
1056 


OAA 

200 


A OA /Ifl70 

. Apr 20.4073 


O/ICOAIA AATO 

2452019.9073 


OCA 

250 


OA A OA 

20.420 


"1 A C 7 

1057 


OAA 

200 


A OA A1 1 C 

. Apr 20.411b 


0/1COA1A All/" 1 

2452019.9110 


OCA 

250 


OA A a 

20.468 


1 a/?a 

lOoO 


OAA 

2UU 


A OA /I070 

. Apr 20.4272 


O/ICOAIA AOTO 

2452019.9272 


OCA 

250 


OA CCA 

20.550 


lOOl 


OAA 

2UU 


A OA AO~t A 

. Apr 20.4314 


o^ctoaia noi a 
2452019.9314 


OCA 

250 


OA £?~t G 
20.010 


1004 


OAA 

2UU 


A OA A A d A 

. Apr 20.4400 


O/ICOAIA ClAGCl 

2452019.9400 


OCA 

250 


OA TC C 

20.755 


i a/? c 
1005 


OAA 

2UU 


A OA A CflO 

. Apr 20.45U2 


O/ICOAIA ACAO 

2452019.9502 


OCA 

250 


OA TC A 

20.754 


"i a n c\ 

1069 


OAA 

200 


A OA AfdO 

. Apr 20.4693 


O/iroAiA n/ i no 

2452019.9093 


OCA 

250 


OA OO"! 

20.881 


1070 


OAA 

2UU 


A OA A TO C 

. Apr 20.4735 


O/ICOAIA A70C 

2452019.9735 


OCA 

250 


OA O OA 

20.880 


i A70 
1073 


OAA 

2UU 


A OA A OOO 

L Apr 20.4883 


2452019.9883 


OAA 

300 


OA 77/1 

20.774 


1074 


OAA 

2UU 


A „„ OA A A O 1 

. Apr 20.4931 


2452019.9931 


OAA 

300 


OA £?C£? 
2O.O8O 


i A77 
1077 


OAA 

2UU 


\ oa cnoc 

L Apr 20.5U85 


2452020.0085 


OAA 

300 


OA C A A 

20.549 


1078 


OAA 

200 


A „ „ OA C1 OO 

. Apr 20.5133 


2452020.0133 


OAA 

300 


OA /IOO 

20.482 


1081 


OAA 

200 


A oa cooc 

. Apr 20.5285 


2452020.0285 


OAA 

300 


OA OOO 

Iv.SSS 


1082 


OAA 

2UU 


A OA cooo 

. Apr 20.5333 


2452020.0333 


OAA 

300 


OA O "1 C 

20.315 


1 no o 
1083 


OAA 

2UU 


A OA COOI 

L Apr 20.5381 


2452020.0381 


OAA 

300 


OA O AO 

20.302 


AAA/? 

2030 


OAA 

2UU 


A oi OOC/) 

. Apr 21.2854 


2452020.7854 


OAA 

300 


OA O A O 

20.348 


2037 


OAA 

200 


A OI OAAO 

. Apr 21.2903 


2452020.7903 


OAA 

300 


OA O OA 

20.380 


oa /< a 

2046 


OAA 

200 


. Apr 21.3360 


2452020.8360 


OAA 

300 


OA TTA 

20.770 


OA /I 7 

2047 


OAA 

2UU 


A „ „ oi OA AA 

. Apr 21.3409 


2452020.8409 


OAA 

300 


OA OA/? 
20.800 


O A C A 

2050 


OAA 

2UU 


A^« OI OC71 

L Apr 21.3571 


2452020.8571 


OAA 

300 


OA TOI 

20.731 


2054 


OAA 

2UU 


A^« Oi oonr 

L Apr 21.3805 


2452020. 88O0 


OAA 

300 


OA CAT 

20.507 


aa/; o 

2008 


OAA 

2UU 


A oi A OK A 

. Apr 21.4354 


2452020.9354 


OAA 

300 


OA OG A 

20.300 


2072 


OAA 

200 


A „ „ oi A C O O 

. Apr 21.4583 


2452020.9583 


OAA 

300 


OA A 7/? 

20.476 


O AO "I 

2081 


OAA 

2UU 


A „ „ oi C A "1 7 

. Apr 21.5017 


2452021.0017 


OAA 

300 


OA 700 

20.782 


onr o 

3053 


OAA 

2UU 


A OO OOC' A 

. Apr 22.3304 


2452021.8364 


OCA 

350 


OA OOI 

20.381 


onr r 

3055 


OAA 

2UU 


A OO OA TA 

. Apr 22.3470 


2452021.8470 


OAA 

300 


OA C 1 1 

20.511 


onr o 

3058 


OAA 

2UU 


\ 00 0/^1 r 

. Apr 22.3015 


2452021.8615 


OAA 

300 


OA £!7£! 
20.070 


3062 


OAA 

200 


\ „ „ 00 oo£?c 

. Apr 22.3865 


2452021.886O 


OAA 

300 


OA 7AO 

20.798 


3065 


200 


L Apr 22.4010 


2452021.9010 


300 


20.757 


3075 


200 


L Apr 22.4380 


2452021.9380 


300 


20.412 


4039 


200 


L Apr 23.2983 


2452022.7983 


300 


20.386 


4041 


200 


L Apr 23.3080 


2452022.8080 


300 


20.317 


4045 


200 


L Apr 23.3315 


2452022.8315 


350 


20.266 


4049 


200 


L Apr 23.3562 


2452022.8562 


350 


20.271 


4065 


200 


L Apr 23.4156 


2452022.9156 


300 


20.793 


4069 


200 


L Apr 23.4387 


2452022.9387 


300 


20.785 


5060 


200 


L Apr 24.5193 


2452024.0193 


300 


20.450 
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Table 3. (continued) 



Object Image 3 


UT Date b 


Julian Date c 


Exp d 
(sec) 


Mag. e 
(mR) 


5001 


onm A, a cO/io 

2001 Apr 24.5242 


O/icono^ AO/11 
2452024.0241 


onn 
oOO 


oa om 
20.391 


o064 


onm A. A et^oi 

2001 Apr 24.5421 


O/Jtrono/J r\Ant 

2452024.0421 


onn 

300 


OA OCA 

20.350 


0053 


onni A. OCT AC^iA 

2001 Apr 25.4524 


O/Jetoao/J ncro/i 

245 20 24.95 24 


onn 

300 


OA A o tr 

20.435 


0054 


onni A. oc j tc7n 

2001 Apr 25.4572 


2452024.9572 


onn 
oOO 


OA A A O 

20.442 


0002 


onm A. nr rrriAO 

2001 Apr 25.5048 


laconic: nn /i o 
2452025.0048 


onn 
oOO 


OA o a n 
20.O40 


0003 


onm A. nr rnnc 

2001 Apr 25.50yb 


laconic: nnnc 

2452025.0090 


onn 
oOO 


oa one 
20.oOO 


"i Aon 

1029 


onm T\ T n 1 1 on*70 

2UU1 May 11.3078 


O/Jetoa/Ja 

2452040.8078 


350 


on ono 

20.893 


1032 


onm T\ T n 1 1 00/^0 

2UU1 May 11.3262 


O/JETOA/JA OOPO 

2452040.8202 


350 


OA C70 

20.678 


1033 


onm T\ T n i i 001 o 

2UU1 May 11.3318 


O /J ETO A /J A 001 o 

2452040.8318 


onn 

300 


oa roo 

20.O32 


i aot 
1037 


onm t\t~-. i i occn 

2001 May 11.3550 


2452040.8550 


onn 
oOO 


OA Ad A 

20.404 


1 no o 
1038 


onm t\t~-. i i ocno 

2001 May 11.3598 


2452040. 8o98 


onn 
oOO 


OA A O O 

20.433 


1042 


onm T\ T n i i 0001 

2UU1 May 11.3831 


O/JETOA/JA 0001 

2452040.8831 


onn 

300 


OA O O A 

20.384 


104,3 


onm T\ T n 1 1 ooon 

2UU1 May 11.3880 


o^tron^n ooon 

2452040.8880 


onn 

300 


OA O *7A 

20.379 


"1 A A O 

1048 


onm T\T n 11 A A >~7 A 

2UU1 May 11.4174 


o^tron^n m *7 A 

2452040.9174 


onn 

300 


OA A tr 

20.458 


1052 


onm T\T~-. 11 A AC\f\ 

2001 May 11.440y 


0/(con/(n n,inn 

2452040. y4oy 


onn 
oOO 


OA TOO 

20.723 


1053 


Onm T\T~-. 11 A A C7 

2001 May 11.4457 


0/(con/(n n /( C7 
2452040. y457 


onn 
oOO 


OA 7/17 

20.747 


1 nro 

1058 


Onm T\T~-. 1 1 /170r 

2001 May 11.4735 


0/(con/(n n^oc 
2452040. y735 


onn 
oOO 


OA O O A 

20.834 


onTn 
2070 


onm at^,. io /loon 

2001 May 12.4380 


O/icon/ii noon 
2452041.9380 


onn 
oOO 


OA A 

20.420 


2071 


onm T\ T n io /l/loo 

2UU1 May 12.4428 


o/(E*on/(i n/loo 

2452041. y428 


onn 

300 


OA OTA 

20.379 


OAO'7 

3027 


onm t\t~-. 1 o o/^n/^ 

2001 May 13.2696 


0/(con/(o 
2452042. 76y5 


onn 
300 


OA A O 1 

20.4ol 


3028 


onm T\T~-. IO rt*7 A A 

2001 May lc.2744 


0/(ETOn/(0 >~?>~? A A 

2452042.7744 


onn 
300 


OA A ac\ 
20.400 


one o 

3052 


onm t\t~-. io oto^ 

2001 May 13.3786 


0/(con/(o cto^ 
2452042.878b 


onn 
300 


on no 1 
20.981 


one /< 

3054 


onm T\ T n io oooo 

2UU1 May 13.3882 


o^tron^o oooo 

2452042.8882 


onn 

300 


OA O r 70 

20.878 


O A f 7 

3067 


onm T\ T n IO A£?AO 

2001 May 13. 4643 


o^tron^o n/? A o 

2452042. yo43 


onn 

300 


OA O/^O 

20.362 


3009 


onm T\ T n io ATArt 

2001 May lo. 4740 


o^tron^o n^7/ln 

2452042. y740 


onn 

300 


OA O A O 

20.348 


(19521J Cnaos 1998 WH24 










1030 


i nnn at~-. n coon 

iyyy inov y.5220 


n i ri /ino noon 
24514y2.0220 


onn 
300 


OA COI 

20.031 


1 hot 
1037 


1 nnn at~ n "o/^/^ 

iyyy inov y.5266 


o A c i ^no no/?*7 

2451492. 0267 


onn 

300 


OA /?07 

20.637 


"i no 

1038 


1 nnn at~ n croi o 

iyyy inov 9.5313 


o ^ c i ^no noi /l 

2451492.0314 


onn 

300 


oa a tr 1 

20.651 


1 n a n 

1040 


i nnn at~ n cr cr i cr 

iyyy inov y.5515 


o^eti ^no ncri/? 

2451492.0516 


onn 

300 


OA C A "1 

20.041 


1 n a 1 
1041 


1 nnn at~-. n ccco 

iyyy inov y.5562 


o a c i /ino nc^o 
2451492.0562 


onn 
300 


OA £?OA 

20.032 


1 n a o 
1042 


1 nnn at~-. n ccno 

iyyy inov y.56U8 


n i ri /i no n^nn 
24514y2.060y 


onn 
300 


OA a O A 

20.084 


1 n a 
104*5 


1 nnn at~-. n 

iyyy inov y.5655 


o a c; i /ino n^c^ 
2451492.0656 


onn 
300 


OA 

20.009 


1 n a a 

1046 


1 nnn at~ n cm n 

iyyy inov y.5yio 


o /i r 1 /(no nm n 

2451492.0910 


onn 

300 


OA TO A 


1047 


1 nnn at~ n crncr/? 

iyyy inov y.5y56 


o A et i (no nner*7 

2451492.0957 


onn 

300 


OA TO A 

20.724 


i n /( o 
1048 


1 nnn at~-. n £?nno 

iyyy inov y.6003 


n i ri /(no i nno 
2451492.1003 


onn 
300 


oa Tnn 
20.700 


1 n a n 

1049 


1 nnn at~-. n cn^n 

iyyy inov y.604y 


0/(ci /(no incn 
2451492.1050 


onn 
300 


OA TAC 

20.705 


on /( i 
2041 


1 nnn at~-. in aao 

iyyy inov 10.443 


o a c; i /(no n/(on 
2451492.9430 


onn 
300 


OA f?OC 

20.025 


on A o 

2042 


1 nnn at~ in A at 

iyyy inov iu.447 


o ^ ET 1 (no n /( ^7^7 

2451492.9477 


onn 

300 


OA ff ~ 

20.665 


2045 


1999 Nov 10.477 


2451492.9773 


300 


20.667 


2046 


1999 Nov 10.482 


2451492.9820 


300 


20.677 


2050 


1999 Nov 10.493 


2451492.9939 


300 


20.665 


2051 


1999 Nov 10.498 


2451492.9986 


300 


20.685 


2052 


1999 Nov 10.503 


2451493.0033 


300 


20.645 


2056 


1999 Nov 10.533 


2451493.0337 


300 


20.630 


2057 


1999 Nov 10.538 


2451493.0383 


300 


20.662 


2058 


1999 Nov 10.543 


2451493.0430 


300 


20.644 


2060 


1999 Nov 10.561 


2451493.0618 


300 


20.610 
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Table 3. (continued) 



Object 


Image a 


UT Date b 


Julian Date c 


Exp d 
(sec) 


Mag. e 
(mR) 




one 1 

2001 


1 find at~,, 1 d c(?(? 
1999 INov 1U.566 


a c 1 Af\o neee 
2451493.0005 


onn 
3UU 


on ei 
20.013 




2002 


1(1(1(1 AT „ -1(1 ("^71 

1999 INov ID. 571 


2451493.0711 


onn 

300 


on f~\ 'i 

20.017 




one c 

20o5 


1 (inn A~ .-. 1 d r o r 

1999 INov 10.585 


a tr 1 i n notro 

2451493.1)853 


onn 

300 


on ri/ 1 




onee 


1 (1(1(1 AT~,, 1 (1 C(l(l 

1999 INov 1U.590 


O A £ 1 ACiO C\f\C\C\ 

2451493. 0y00 


onn 
3UU 


on eoe 
20.o2o 




one 

2008 


1 (1(1(1 AT~,, 1 (1 C(l(l 

1999 INov 1U.599 


O A £ 1 ACiO C\f\C\0 

2451493. 1)yy3 


onn 
3UU 


on eon 
20.039 


(33340 J 1998 VG44 














on A A 

3044 


1 (1(1(1 AT.-. 1 1 /l(?OCT 

1999 INov 11.4DO0 


a tr 1 1 c\ neotr 

24514y3.9o35 


nn 

400 


on noe 

20.936 




on a e 

3046 


1 (1(1(1 AT~ 1 1 /1*7*7CT 

1999 INov 11.4775 


A tr 1 1 c\ nTTtr 

2451493.9775 


A nn 

400 


on noo 

20.933 




on trn 

31)51) 


1 (1(1(1 AT~ 11 /I (1 A 1 

1999 INov 11.4941 


2451493.9941 


/J nn 

400 


on noo 

20.922 




on c:o 

3052 


1 (1(1(1 AT~,. 1 1 mod 

1999 INov 11.5089 


a c 1 /in /i nnon 
2451494.1)1)89 


/i nn 
400 


on n a e 
20.940 




on tr ^ 

3054 


1 (1(1(1 AT~ 1 1 rnnn 

1999 JNov 11.5229 


a tr 1 1 r\ 1 noon 

2451494. U229 


a nn 

400 


on non 

20.930 




once 

3056 


1 (1(1(1 AT.-. 1 1 CTO(?0 

1999 INov 11.53b8 


a tr 1 ac\ A noeo 

2451494. 0308 


/J nn 

400 


on no "i 

20.921 




on tr t 

3057 


1 (1(1(1 AT.-. 11 CT /I O O 

1999 INov 11.5438 


O A C 1 A n A f~\ AOO 

2451494. U438 


A nn 

400 


on no 1 

20.921 




onen 

3050 


1 (1(1(1 AT.-. 1 1 "/^ A O 

1999 INov ll.oo4« 


a c 1 A n a ne/io 

2451494. 0048 


/J nn 

400 


on noo 

20.933 




one 1 

3001 


1 (1(1(1 AT~,. 1 1 C71 *7 

1999 INov 11.5717 


O A C 1 ACi A d'lA T 

2451494.1)717 


/i nn 
400 


on ncn 
20.95U 




one a 
3004 


1 (1(1(1 AT~,. 1 1 COOO 

1999 INov 11.5883 


O/i ri /in-i nooo 
2451494.1)883 


a nn 
400 


on nT/i 
20.974 




onee 

3066 


1 (1(1(1 AT_. 1 1 rdoo 

1999 JNov 11.DU23 


a tr 1 ac\a 1 noo 

2451494.11)23 


/i nn 

400 


on C\ A T 

20.947 




one t 

3067 


1 (1(1(1 AT.-. 1 1 CAAO 

1999 INov ll.b093 


a c 1 A n a inno 

2451494.11)93 


A nn 

400 


on noo 

20.923 




a n tr 

41)58 


1(1(1(1 AT~ IO ATOA 

1999 -Nov 12.4784 


A c 1 A n A nTO/J 

2451494.9784 


/J nn 

400 


on n tr 

20.952 




4i)oy 


1(1(1(1 AT.-.,. IO A O C A 

1999 .Nov 12.48o4 


O A C 1 ACi A nOC/) 

2451494. y854 


/i nn 
400 


on non 
20.98U 




^ nen 

4000 


IOOO AT/^tt IO /IOO/I 

iyyy inov i2.4yz4 


z4ol4y4.yyz4 


a nn 
400 


Ol HQ/1 




a neo 
4002 


1(1(1(1 AT~,. IO £1 O /( 

iyyy inov 12.5124 


O/ici zinc nio.4 
2451495. 1)124 


/i nn 
400 


on n^n 
20.979 




neo 

41)0.3 


1(1(1(1 AT~ IO CT 1 (1 /I 

iyyy inov i2.5iy4 


2451495. U194 


a nn 

400 


01 nit 

21.U15 




/i nee 

4066 


1(1(1(1 AT.-. 10 CT/ldO 

iyyy inov 12.5403 


2451495. U4U3 


/J nn 

400 


on c\f"i 

20.967 




/J ne t 

4067 


1(1(1(1 AT~ IO tZATA 

iyyy inov 12.5474 


O/ICTI /inCT C\ A 1 "? A 

2451495. U474 


/J nn 

400 


On Ct'T'T 

20.977 




4069 


1(1(1(1 AT~,. IO C(?1 /( 

iyyy inov 12.5014 


a c 1 zinc nei a 
2451495. Ubl4 


a nn 
400 


1 nno 
21.UU2 




/I d*70 

4073 


1(1(1(1 AT~,. 10 coon 

iyyy inov 12.583U 


a c 1 zinc noon 
2451495. U83U 


/i nn 
400 


on ncn 
20.959 




4074 


1 (1(1(1 AT~ 1 O COT'T 

iyyy inov 12.5877 


a tr 1 /incr noTT 

2451495.0877 


a nn 

400 


on a 

20.954 


2001 b L\tz 














trn 1 n 

51)19 


Oddl A . Ol 0*71 *7 

2UU1 Apr 24.2717 


O/itronoo tti t 

2452023.7717 


/J nn 

400 


"i noo 

21.083 




cnon 
51)21) 


Oddl A . Ol 0^7^70 

2UU1 Apr 24.2778 


O/icodoo Try"? 


/i nn 
400 


01 no 1 
21.U31 




cno c 
51)25 


Oddl A. Ol Od/IO 

2UU1 Apr 24.3U42 


O/ICOdOO OdIO 

2452U23.8042 


a nn 
400 


01 neo 

21.U53 




cnoe 
5020 


Oddl A. Ol Ol dO 

2UU1 Apr 24.31U2 


O/icodoo 01 no 
2452U23.8102 


/i nn 
400 


1 A70 

21.U73 




tr non 

5029 


Oddl A . Ol 00(?CT 

2UU1 Apr 24.32b5 


O/lCTOdOO oo(?cr 

2452023.8265 


a nn 

400 


O "1 AC7 

21.087 




tr non 

51)31) 


Oddl A. Ol OOO/l 

2UU1 Apr 24.3324 


O/lcrodoo 0001 

2452023.8324 


/J nn 

400 


01 111 
21.111 




5037 


Oddl A . 01 0^7dd 

2UU1 Apr 24.37(jy 


O/ICOdOO C7dd 

2452023.8709 


/i nn 
400 


01 1 Od 

21.129 




5038 


Oddl A. Ol 0^7(?0 

2UU1 Apr 24.3708 


O/ICOdOO C7CO 

2452023.8768 


a nn 
400 


01 1 do 
21.103 




en ^ 1 
51)41 


Oddl A . Ol OdOd 

2UU1 Apr 24.3y3U 


O/ICOdOO OdOd 

2452023.8930 


/i nn 
400 


Ol dC7 

21.087 




trn a 

51)42 


Oddl A . Ol OdOd 

2UU1 Apr 24.3y8y 


O/lcrodoo OdOd 

2452023.8989 


a nn 

400 


01 iid 
21.110 




5046 


2001 Apr 24.4207 


2452023.9207 


400 


21.103 




5047 


2001 Apr 24.4267 


2452023.9266 


400 


21.070 




5050 


2001 Apr 24.4534 


2452023.9533 


400 


21.066 




5054 


2001 Apr 24.4810 


2452023.9810 


400 


20.994 




5055 


2001 Apr 24.4870 


2452023.9869 


400 


21.025 




6022 


2001 Apr 25.2610 


2452024.7610 


400 


21.066 




6023 


2001 Apr 25.2669 


2452024.7669 


400 


21.059 




6030 


2001 Apr 25.3088 


2452024.8088 


400 


21.041 




6031 


2001 Apr 25.3147 


2452024.8147 


400 


21.067 
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Table 3. (continued) 



Object Image a UT Date b Julian Date c Exp d Mag. e 

(sec) (m R ) 







6040 


2001 


Apr 


25 


.3697 


2452024. 


,8697 


400 


21 


.026 






6041 


2001 


Apr 


25 


.3756 


2452024 


.8755 


400 


21 


.069 






6046 


2001 


Apr 


25 


.4079 


2452024. 


.9079 


400 


21 


.087 






6047 


2001 


Apr 


25 


.4157 


2452024 


,9157 


400 


21 


.073 






6058 


2001 


Apr 


25 


.4814 


2452024 


,9814 


400 


21 


.025 






6059 


2001 


Apr 


25 


.4873 


2452024 


,9873 


400 


21 


.076 


(33128) 


1998 BU 48 


























6064 


2001 


Feb 


21. 


4720 


2451961 


,9720 


400 


20 


.648 






6065 


2001 


Feb 


21. 


4780 


2451961 


,9780 


400 


20 


.652 






6070 


2001 


Feb 


21. 


5064 


2451962 


.0064 


400 


20 


.653 






6071 


2001 


Feb 


21. 


5123 


2451962 


.0123 


400 


20 


.626 






6079 


2001 


Feb 


21. 


5525 


2451962. 


,0525 


400 


20 


.763 






6080 


2001 


Feb 


21. 


5585 


2451962 


,0585 


400 


20 


.809 






6020 


2001 


Apr 


25 


.2478 


2452024. 


,7477 


400 


21 


.296 






6021 


2001 


Apr 


25 


.2537 


2452024 


,7537 


400 


21 


.242 






6024 


2001 


Apr 


25 


.2738 


2452024 


,7738 


400 


21 


.086 






6025 


2001 


Apr 


25 


.2797 


2452024 


,7797 


400 


21 


.060 






6028 


2001 


Apr 


25 


.2955 


2452024 


,7955 


400 


20 


.985 






6029 


2001 


Apr 


25 


.3014 


2452024. 


,8014 


400 


20 


.962 






6032 


2001 


Apr 


25 


.3216 


2452024. 


,8216 


400 


20 


.884 






6033 


2001 


Apr 


25 


.3275 


2452024. 


,8275 


400 


20 


.866 






6036 


2001 


Apr 


25 


.3432 


2452024. 


,8432 


400 


20 


.886 






6037 


2001 


Apr 


25 


.3491 


2452024 


,8491 


400 


20 


.859 






6042 


2001 


Apr 


25 


.3823 


2452024 


,8823 


400 


20 


.926 






6043 


2001 


Apr 


25 


.3882 


2452024 


,8882 


400 


20 


.961 






1080 


2001 


Nov 


14 


.6182 


2452228. 


,1182 


400 


21 


.437 






1081 


2001 


Nov 


14 


.6242 


2452228 


1241 


400 


21 


.477 






1082 


2001 


Nov 


14 


.6301 


2452228 


,1301 


400 


21 


.470 






1083 


2001 


Nov 


14 


.6360 


2452228 


,1360 


400 


21 


.638 






1084 


2001 


Nov 


14 


.6419 


2452228 


,1419 


400 


21 


.643 






2063 


2001 


Nov 


15 


.5516 


2452229. 


.0516 


400 


20 


.888 






2064 


2001 


Nov 


15 


.5582 


2452229 


,0582 


400 


20 


.864 






2066 


2001 


Nov 


15 


.5739 


2452229. 


.0739 


400 


20 


.888 






2067 


2001 


Nov 


15 


.5799 


2452229. 


,0799 


400 


20 


.923 






2069 


2001 


Nov 


15 


.5944 


2452229. 


,0944 


400 


20 


.986 






2070 


2001 


Nov 


15 


.6004 


2452229 


,1004 


400 


20 


.957 






2071 


2001 


Nov 


15 


.6064 


2452229 


,1064 


400 


21 


.019 






2072 


2001 


Nov 


15 


.6124 


2452229 


,1124 


400 


21 


.089 






2074 


2001 


Nov 


15 


.6272 


2452229 


,1272 


400 


21 


.156 






2075 


2001 


Nov 


15 


.6333 


2452229. 


,1333 


400 


21 


.190 






2076 


2001 


Nov 


15 


.6392 


2452229. 


,1392 


400 


21 


.185 






2077 


2001 


Nov 


15 


.6452 


2452229. 


,1452 


400 


21 


.178 






2078 


2001 


Nov 


15 


.6511 


2452229 


,1511 


400 


21 


.183 






3115 


2001 


Nov 


16 


.5378 


2452230. 


,0378 


400 


21 


.113 






3116 


2001 


Nov 


16 


.5444 


2452230. 


,0444 


400 


21 


.113 






3117 


2001 


Nov 


16 


.5509 


2452230. 


,0509 


400 


21 


.058 






3119 


2001 


Nov 


16 


.5628 


2452230 


,0628 


400 


20 


.988 






3120 


2001 


Nov 


16 


.5695 


2452230 


,0694 


400 


20 


.981 
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Table 3. (continued) 



Object Image a 


UT Date b 


Julian Date c 


Exp d 

(sec) 


Mag. e 
(mR) 


3121 


onni ivT 1 a rT/ji 
2UU1 INOV 10.5701 


O/icrooon n^ci 
2452230.0761 


^ nn 
4UU 


on nco 
2U.95o 


O "1 O A 

3124 


onni t\t~ ~\ a cnro 

2UU1 JNov 10.5902 


o^crooon nn/^o 

2452230. 0962 


nn 

400 


on n trn 

20.950 


3125 


2UU1 INov 10.0027 


o^crooon i no*7 

2452230.1027 


A nn 

41) (J 


on i~\ a c 

2U.945 


0100 
3128 


onni ivT 1^ f?ooc 
2UU1 INov 10.0225 


O/icrooon 100c 
2452230.1225 


^ nn 
4UU 


on m a 
2U.910 


1 on 
3129 


onni tvt^,, 1^ com 
2UU1 INov 10.0291 


O/irooon 1 om 
2452230.1291 


a nn 
4UU 


on ncn 
2U.959 


3130 


onni "\t ^ 1 a a cr 

2001 Nov 16.6356 


Oyitrooon i occ 

2452230.1356 


^ nn 

400 


on nn^7 

20.997 


0101 

3131 


onni IVT 1 /? /i 

2UU1 INov 10.0422 


o^trooon i /loo 

2452230.1422 


/J nn 

400 


on nyn 

20.960 


0100 

3132 


onni ~w „ 1 c a 

2UU1 INov 10.0488 


o^trooon i /loo 

2452230.1488 


A nn 

400 


on c\ "rn 

20.979 


no t 

41)87 


onni ~w „ 1 t cr 1 n 

2UU1 INov 17.5219 


o^troooi noin 

2452231.0219 


/J nn 

41) (J 


01 rr 1 n 

21.519 


^ no 
4U88 


onni ivT 1 ^7 tnoc 

2UU1 INov 17.5285 


O/icoooi nooc 
2452231.0285 


^ nn 
4UU 


01 cno 
2I.OO0 


a n on 

4089 


onni "\t ^ 1 t cr cr 1 

2001 Nov 17.5351 


O/itroooi nocri 

2452231.0351 


^ nn 

400 


01 cr a 

21.5o4 


/J nno 

4U92 


onni "\t „ 1 t cr cr /< 1 

2UU1 INov 17.5541 


o^troooi ncT/li 

2452231.0541 


/J nn 

400 


01 a on 

21.439 


nno 

4093 


onni "\t „ 1 t cr n 1 

2UU1 INov 17.5001 


o^troooi n/^m 

2452231.0601 


A nn 

400 


01 cr 

21.353 


A nn/ -1 


onni "\t „ 1 *7 C700 

2UU1 INov 17.5788 


o/iroooi A700 

2452231.0788 


/J nn 

41) (J 


01 "i no 

21.192 


4uy7 


onni tvt^,, 1*7 CO/IT 
2UU1 INov 17.5847 


O/icoooi no/C7 
2452231.0847 


^ nn 
4UU 


01 1 01 
21.121 


^ 1 nn 
41UU 


onni tvt^,, 1 cnoo 
2UU1 INov 17.0028 


O/ICOOOI 1 HOT 

2452231.1027 


^ nn 
4UU 


1 nTn 
21.070 


a 1 n 1 

41U1 


onni "\t 1 7 rnc7 

2001 Nov 17.6087 


O/IETOOII I/IOT 

2452231.1087 


^ nn 

400 


01 n cr t 

21.057 


4105 


2UU1 Nov 17.6339 


O/iroooi loon 

2452231.1339 


A nn 

400 


on n a cr 

20.945 


/J 1 n£? 


2UU1 Nov 17.6398 


o^troooi 1 ono 

2452231.1398 


/J nn 

41) (J 


1 nno 

21.003 


a 1 no 
41U8 


onni TYT~,- 1 *7 

2001 Nov 17.6518 


O/ICOOOI 1 

2452231.1518 


^ nn 
4UU 


on ono 


5U82 


onni tyt~,, 10 coo 
2001 Nov 18.5263 


O/icoooi non/( 
2452231.9294 


^ nn 
4UU 


1 one 
21.20O 


srno 

5083 


onni tvt^. 10 cr o o o 

2UU1 Nov 18.5322 


O/Ietooii nocro 

2452231.9353 


^ nn 

400 


01 00 cr 

21.225 


srno a 

5084 


onni TYT ~ 10 CTOOI 

2UU1 Nov 18.5381 


o^troooi n /l 1 

2452231.9412 


A nn 

400 


1 ono 

21.303 


srno et 

5085 


onni tyt~ 10 cr A An 

2UU1 Nov 18.5440 


o^troooi n/l^7i 

2452231.9471 


/J nn 

400 


Ol O A 1 

21.341 


5U8o 


onni tyt~ 10 cr Ann 

2UU1 Nov 18.5499 


o^troooi ncron 

2452231.9530 


A nn 

41) (J 


1 a no 

21.492 


oUoy 


onni t\t~,- 10 ccnc 
2001 Nov 18.5695 


O/ICOOOI ftTHi? 

2452231.9726 


^ nn 
4UU 


1 enn 

21.009 




onni TYT~,- IO 

2001 Nov 18.5878 


O/icoool nnnn 
2452231.9909 


^ nn 
4UU 


01 cr 
21.025 


srnno 

5093 


onni tyt ~ 10 cr n o *7 

2UU1 Nov 18.5937 


o^troooi fwiro 

2452231.9968 


a nn 

400 


1 cr ^71 

21.571 


5096 


onni tyt~ 10 ci 1 tr 

2UU1 Nov 18.6115 


o^troooo m /</? 

2452232.0146 


/J nn 

400 


1 A n 't 

21.407 


51)97 


onni TYT ~ IO £?~t *7 A 

2UU1 Nov 18.6174 


o^troooo none 

2452232.0205 


A nn 

41) (J 


01 ono 

21.398 


et 1 nn 

51UU 


onm t\t~-. 1 coci 
2001 Nov 18.6351 


O/icoooo nooo 
2452232.0382 


/i nn 
4UU 


01 oon 
21.230 


5101 


onm t\t~-. 1 a a on 
2001 Nov 18.6439 


O/icoooo n /i 7n 
2452232.0470 


/i nn 
4UU 


01 lei 
21.101 


cr 1 no 

5102 


onm i\t .- 1 c a n o 

2001 Nov 18.6498 


O/icroooo neon 

2452232.0529 


a nn 

400 


1 nno 

21.098 


6076 


onm at~ 1 n croo A 

2001 Nov 19.5284 


O/lcroooo nono 

2452232.9298 


/< nn 

400 


on n 1 n 

20.910 


o(J77 


onm at~ in cro A A 

2001 Nov 19.5344 


O/lcroooo notro 

2452232.9358 


A nn 

400 


on ono 

20.898 


0080 


onm t\t~-. in crcro/i 
2001 Nov 19.5524 


O/ieoooo noo 
2452232.9538 


/i nn 
400 


on nm 
20.991 


OOol 


onm i\t^ tt in ccci 
2UU1 Nov iy.0080 


O/ieooQO nen'7 
24o22o2.yoy / 


/inn 
400 


Ol C\GQ 

21.UD8 


0082 


onm t\t~-. in tccci 
2001 Nov 19.5661 


O/ieoooo nc7C 
2452232.9675 


/i nn 
400 


01 1 1 n 
21.110 


6083 


onm tvt~ in ettoo 

2001 Nov 19.5723 


O/lcroooo nToo 

2452232.9738 


/< nn 

400 


01 crn 

21.250 


6084 


2001 Nov 19.5782 


2452232.9797 


400 


21.257 


6089 


2001 Nov 19.6051 


2452233.0066 


400 


21.525 


6090 


2001 Nov 19.6111 


2452233.0125 


400 


21.552 


6095 


2001 Nov 19.6391 


2452233.0405 


400 


21.514 


6096 


2001 Nov 19.6450 


2452233.0464 


400 


21.451 


1999 KR 16 










2061 


2000 Apr 28.4409 


2451662.9409 


400 


21.253 


2062 


2000 Apr 28.4468 


2451662.9468 


400 


21.262 


2063 


2000 Apr 28.4528 


2451662.9527 


400 


21.320 
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Table 3. (continued) 



Object 


Image a 


UT Date b 


Julian Date c 


Exp d 


Mag. e 










(sec) 


(mR) 




one a 
2U04 


onnn A no a cot 
2UUU Apr 28.4587 


o^crieeo ncroT 
2451oo2.y5o7 


a nn 
400 


Ol Ol T 

21.317 




one ET 

2065 


onnn A oo ac at 

2UUU Apr 28.4o47 


O/Jtrieeo c\n An 

2451oo2.9o4o 


a nn 

400 


O "1 O O "1 

21.281 




onTn 

2U7U 


onnn A oo I n ft n 

2UUU Apr 28.4959 


O/Jtrieeo nn rr n 

2451oo2.9959 


A nn 

400 


o 1 on cr 

21.295 




21)71 


onnn A oo crni n 

2UUU Apr 28.50iy 


o^crieeo nni n 
2451003.0019 


a nn 
400 


O 1 1 O 1 

21.181 




21)72 


onnn A ^« oo crnTO 
2UUU Apr 28.5U7o 


o^crieeo nnTO 
2451003.0078 


a nn 
400 


Ol Ol 1 

21.211 




2U73 


onnn A^« oo cr i o o 
2UUU Apr 28.5138 


o^crieeo ni ot 
2451003.0137 


/i nn 
400 


o i i o cr 
21.135 




2076 


onnn A oo croi t 

2000 Apr 28.5317 


O/icrieeo r\o~t t 

2451663.0317 


a nn 

400 


O "1 1 o o 

21.133 




2077 


onnn A oo cro^7e 

2000 Apr 28.5376 


O/icrieeo no^7e 

2451663.0376 


/< nn 

400 


o 1 oo cr 

21.325 




onTo 

21)78 


onnn A oo cr/ioe 

2UUU Apr 28.5435 


O/icrieeo n/iocr 

2451ooo. 0435 


/< nn 

400 


o 1 onn 

21.200 




4U37 


onnn A on o cr i n 

2UUU Apr 3U.35iy 


o^criee^ o cr i n 
2451004.8519 


a nn 
400 


o 1 no - 

21.085 




^ no o 
4U38 


onnn A ^« on ocrTn 
2UUU Apr 3U.357y 


o^criee^ ocr 7n 
2451004.8579 


/i nn 
400 


Ol 11/1 

21.114 




4039 


onnn A on oeon 

2000 Apr 30.3639 


2451oo4.8o39 


a nn 

400 


1 111 

21.111 




/J n /J cr 

41)45 


onnn A on oneo 

2000 Apr 30. 3968 


O/Jcriee/i oneo 

2451oo4.89o8 


/< nn 

400 


o "i o cr t 

21.257 




4U4o 


onnn A on /inoo 

2UUU Apr 3U.4028 


O/icriee/j nnoo 

2451004.9028 


/< nn 

400 


O 1 O TC\ 

21.279 




^ n a t 
41)47 


onnn A ^« on ac\ot 
2UUU Apr 3U.4087 


o a cr i ee a nno t 
2451004.9087 


a nn 
400 


o 1 ono 
21.292 




41)52 


onnn A on /i o cr o 

2UUU Apr 3U.4252 


o^criee^ nocro 
2451oo4.9252 


/i nn 
400 


O 1 O A T 




4U53 


onnn A^,^ on a o 1 o 
2UUU Apr 3U.4312 


o^criee/i noi o 
2451004.9312 


a nn 
400 


o 1 ooe 
21.220 




n cr a 

41)54 


onnn A on /io^70 

2000 Apr 3D. 4,372 


O/iriee/i no^o 

2451oo4.937z 


/< nn 

400 


o i ono 

21.203 




n cr cr 

41)55 


onnn A „ „ on AAot 

2UUU Apr 3U.4431 


O/icriee/j n/ioi 

2451oo4.9431 


/< nn 

400 


o 1 on*7 

21.207 




4U5o 


onnn A on a Af\c\ 

2UUU Apr 3U.44yO 


o^criee^ n/i nn 
2451004.9490 


a nn 
400 


o i on a 




4U5y 


onnn A ^« on zieTi 
2UUU Apr 3U.4071 


o ^ cr i ee a neTi 
2451oo4.9o71 


/i nn 
400 


O 1 1 A O 

21.148 




a nen 


onnn A^« on atoi 
2UUU Apr 3U.4731 


o^criee^ nToi 
2451004.9731 


a nn 
400 


Ol 1 ACi 

21.149 




4061 


onnn A on /i^mn 

2000 Apr 30.4790 


o /J cr 1 ee a n^mn 

2451664.9790 


/< nn 

400 


O 1 1 O 1 

21.181 




4062 


onnn A „ „ on Aocr\ 

2UUU Apr 30.4850 


O/icriee/j nocrn 

2451oo4.9o50 


/< nn 

400 


o i i on 

21.129 




4055 


onnn A on crnoo 

2UUU Apr 3U.5028 


O/icrieer nnoo 

2451oo5.0028 


A nn 

400 


o i i cr a 

21.154 




a nee 

40oo 


onnn A ^« on crnoo 
2000 Apr 30.5U88 


O/icrieecr nnoo 
2451005. UU88 


^ nn 
4UU 


Ol 1 oo 

21.132 




/i neT 
40o7 


onnn A on cr i at 

2000 Apr 30.5147 


O/icrieecr ni 
2451005. U147 


a nn 
4UU 


o i no cr 
21.U85 




/i ne o 

4068 


onnn A on cone 

2000 Apr 30.5206 


O/icrieecr none 

2451oo5.U2Uo 


nn 

400 


o i ion 

21.13U 




A nen 

4069 


onnn A on croee 

2000 Apr 30.5266 


O/icrieecr noee 

2451005.U2oo 


/J nn 

400 


o "i "i oe 

21.13o 




4070 


onnn A on crooo 

2000 Apr 30.5328 


O/icrieecr nooo 

2451oo5.U328 


A nn 

4UU 


o i n cr o 

21.058 




crnoe 

503o 


onnn i\/r~~ i o a ao 

2000 May 1.3443 


O/icrieecr o^^o 
2451oo5.8443 


^ nn 
4UU 


1 00*7 

21.227 




"no o 

5038 


onnn i\/r~~ i occ^ 

2000 May 1.3567 


O/icrieecr ocre'7 
2451005. 8507 


a nn 
4UU 


1 1 oo 

21.182 




rAon 

oOoy 


onnn i\/r~~ i ocot 

2000 May 1.3627 


O/icrieecr oeo'? 
2451oo5.8o27 


^ nn 
4UU 


1 ooo 

21.228 




crn /< o 

5042 


onnn l\/r n i ooA'y 

2000 May 1.3847 


O/icrieecr oo at 

2451665.8847 


nn 

400 


1 O/" A 

21.264 




crn a o 

5043 


onnn l\/r n i onno 

2000 May 1.3908 


O/icrieecr onno 

2451oo5.89U8 


A nn 

4UU 


o i o 1 n 

21.219 




tA ^ A 

5044 


onnn i\/r~~ i odco 

2000 May 1.3968 


O/icrieecr oneo 
2451oo5.8yo8 


^ nn 
4UU 


o i on a 
21.204 




5048 


onnn i\/r~~ i joo^ 

2000 May 1.4224 


O/icrieecr noo^ 
2451005. y224 


a nn 
4UU 


1 1 C7 

21.157 




504JJ 


onnn i\/r~~ i jooc 

2000 May 1.4285 


O/icrieecr noocr 
2451oo5.y285 


^ nn 
4UU 


21.160 




crn crn 

5050 


onnn l\/r n i aoap 

2000 May 1.4346 


O/icrieecr no/ie 

2451665.9346 


nn 

400 


O 1 "1 "1 o 

21.118 




5054 


2000 May 1.4583 


2451665.9583 


400 


21.162 




5055 


2000 May 1.4644 


2451665.9644 


400 


21.121 




5056 


2000 May 1.4704 


2451665.9704 


400 


21.178 




5059 


2000 May 1.4905 


2451665.9905 


400 


21.147 




5060 


2000 May 1.4965 


2451665.9965 


400 


21.075 




5061 


2000 May 1.5025 


2451666.0025 


400 


21.153 




5064 


2000 May 1.5221 


2451666.0221 


400 


21.068 




5065 


2000 May 1.5282 


2451666.0282 


400 


21.070 




5066 


2000 May 1.5342 


2451666.0342 


400 


21.174 
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Table 3. (continued) 



Object 


Image a 


UT Date b 


Julian Date c 


Exp d 


Mag. e 










(sec) 


(mR) 




onni 

ouyi 


2001 *eb 18.4971 


o^trjintrjc nnTi 
2451958.9971 


a nn 
4UU 


01 01 cr 
21.215 




onno 

3092 


2001 i^eb 18.5UoU 


O/itTintTn nnon 

2451959.0030 


a nn 

400 


O "1 O "1 A 

21.214 




onno 

a09o 


oaai tt\ v -1 o trnon 

2001 i^eb 18.5U89 


O/itTintTn nnon 

2451959. (J (J89 


/i nn 

400 


"i nnn 

21.202 




ofin ^ 

oi)y4 


2001 *eb 18.5147 


OKmcn ni at 
245iy5y.(J147 


/i nn 
400 


21.202 




onnn 

oiiyy 


2001 *eb 18.5oo7 


245iy5y.(Joo7 


a nn 
400 


01 a ne 
21.400 




o i nn 
olUU 


nnni ttv.'U i o error' 

2001 *eb 18.5725 


OKmcn n^nr 

245iy5y.(J725 


/i nn 
400 


Ol or a 
21.000 




3107 


oaai 171 v -1 roon 

2001 i^eb 18.oo2U 


O/itTintTn loon 

245iy5y.lo2U 


a nn 

400 


Ol O A ET 

21.045 




o 1 n o 

3108 


aaai TTV^'U -1 COTn 

2001 i^eb 18.0079 


O/Jtrinr'n 10 "rn 

2451959.1379 


/i nn 

400 


1 ono 

21.308 




A nT£? 

4U7o 


AAAI TTV^'U 1 A A/2C7 

2001 i^eb 19.4o57 


O/Jtrinr'n n/r?c:T 

2451959. 9o57 


/i nn 

400 


"i ion 

21.189 




41)77 


onm ttul in j ti a 

2001 *eb iy.47iy 


2451959.9719 


a nn 
400 


01 1 no 
21.192 




^ no o 
4U8o 


nnni TTUl^ in ^ OOn 

2001 *eb 19.4889 


OKmcn noon 
2451959.9889 


/i nn 
400 


1 one: 
21.005 




no ET 

4085 


2001 i^eb iy.5UU7 


O /J C 1 AAA AAA*7 

2451960.0007 


a nn 

400 


Ol Ol *7 

21.317 




/J no t 

4087 


aaai TTV^'U -1 a rr 1 oo 

2001 .teb 19.51o8 


O/Jtrin/^n moo 

2451960.0138 


/i nn 

400 


"i ono 

21.298 




/J non 

4U8y 


aaai TTV^'U 1 a ECOECT 

2001 i^eb 19.5257 


24519o(J.(J257 


/i nn 

400 


01 010 
2I.0I0 




^ nnn 

4uyu 


nnni T7U "L in EC O 1 T 

2001 *eb 19.5ol7 


OKm^n noi t 
2451901). (Jol7 


a nn 
400 


01 01 
21.olo 




^ nn i 

4uyi 


nnni 1 n SCOTT 

2001 *eb 19.5077 


24519ol).(Jo77 


/i nn 
400 


Ol A 1 O 

21.410 




^ nno 
4U92 


onm ttul 1 n r /i ot 

2001 *eb 19.54o7 


24519ol).(J4o7 


a nn 
400 


1 onn 
21.000 




a nno 

4093 


nnni tvu in ec /ino 

2001 .teb 19.5498 


24519o(J.(J498 


/i nn 

400 


O "1 A O/T? 

21.400 




/J nnT 

4(jy7 


nnni Tr^i* in ecoT/1 

2001 i^eb 19.5874 


O/JETincn noT/i 

24519o(J.(J874 


/i nn 

400 


01 /ino 
21.400 




^ nno 

4uyo 


nnni TTU'L 1 n CfiOO 

2001 *eb 19.5900 


O/irincn nnoo 
24519ol).U9oo 


a nn 
400 


1 oen 
21.009 




/i nnn 

4uyy 


nnni TTUl^ 1 n CHflO 

2001 reb iy.5992 


OKin^n nnno 
24519oU.Uy92 


/i nn 
400 


01 001 
2I.O0I 




^ i nn 
41UU 


nnni TTU'L in CnECI 

2001 *eb 19.0U51 


OKmcn inri 

24519ol).l(J51 


a nn 
400 


Ol O A O 

21.042 




a i n 1 

41U1 


nnni Tr^i* 1 n c~\ 1 n 

2001 .teb 19.011U 


o/i n AAA "11 in 

24519oU.lllU 


/i nn 

400 


"i onn 

21.309 




1 no 

41U2 


nnni Tr^i* in cicci 

2001 i^eb 19.olo9 


O/i T1 AAA 11 AA 

24519o(J.llo9 


/i nn 

400 


Ol 00*7 

21.027 




a i no 

410o 


nnni tvu 1 n cooo 

2001 .teb 19.0228 


O/icrincn 1000 

24519oU.l228 


A nn 

400 


Ol O O ET 
21.280 




411)4 


onm ttul in coot 

2001 *eb 19.0287 


O/icrincn ioot 
24519ol).1287 


/i nn 
400 


21.200 




411)5 


onm ttul in coac. 
2001 reb 19.0o4b 


O/icrincn 1 0^ 
24519ol).lo4o 


a nn 
400 


01 1 n 
21.019 




1 n£? 

4106 


nnni Tr^i* in caci 

2UU1 i^eb 19.o4o7 


O/IETin^n 1 AC7 

24519o(J.14o7 


/i nn 

400 


"i 0/^0 
21.2o2 




/J 1 nT 

4107 


nnni Tr^i* in £?eco£? 

2UU1 i^eb 19.o52o 


O/IETin^n lETO/T? 

24519oU.152o 


/i nn 

400 


1 O/" 1 

21.208 




a "i n o 

41U8 


nnni tvu in ctror' 

2UU1 .teb 19.0585 


O/iETincn lErocr 

2451960.1585 


A nn 

400 


Ol O A O 

21.248 




^ i nn 

4iuy 


nnni T?„"U 1 n OlOl A A 

2UU1 reb 19.0044 


2451960. 1d44 


/i nn 
400 


Ol O A O 

21.24o 




51)52 


Onni A O A 

2UU1 Apr 24.4o7o 


2452023. 9u7o 


a nn 
400 


on nTc: 
2U.975 




5U5o 


onni \ a /i7oir 

2UU1 Apr 24.47oo 


2452023.9734 


/i nn 
400 


01 ni 
21.01o 




trn etc 
5056 


Onni A A Ai~\AO 

2UU1 Apr 24.4948 


2452023.9948 


/i nn 

400 


"i "i nn 

21.100 




51)57 


onni A A r nn 

2UU1 Apr 24.5UU8 


2452024.0008 


A nn 

400 


"i no ET 

21.085 




rnro 

5U58 


onni \ a crncr 

2UU1 Apr 24.5(Jo7 


n conn nncT 
2452024. 00o7 


/i nn 
400 


21.143 




5U5y 


onni a 0^ ri of? 

2UU1 Apr 24.5120 


n conn ni oi? 
2452024.012b 


a nn 
400 


21.19b 




5Uo2 


onni a 0^ crone 

2UU1 Apr 24.5290 


2452024.029b 


/i nn 
400 


21.214 




Erne o 

5063 


onni \ „ „ a coct 

2001 Apr 24.5357 


2452024.035b 


/i nn 

400 


21.220 




5065 


2001 Apr 24.5476 


2452024.0476 


400 


21.184 




5066 


2001 Apr 24.5536 


2452024.0536 


400 


21.201 




5067 


2001 Apr 24.5595 


2452024.0595 


400 


21.183 




5068 


2001 Apr 24.5654 


2452024.0654 


400 


21.164 




6038 


2001 Apr 25.3570 


2452024.8570 


400 


21.113 




6039 


2001 Apr 25.3629 


2452024.8629 


400 


21.107 




6044 


2001 Apr 25.3954 


2452024.8954 


400 


21.012 




6045 


2001 Apr 25.4013 


2452024.9013 


400 


21.012 




6048 


2001 Apr 25.4223 


2452024.9223 


400 


20.992 
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Table 3. (continued) 



Object 


Image a 


UT Date b 


Julian Date c 


Exp d 


Mag. e 










(sec) 


(mR) 




a n 
0049 


onn i or /iooo 
2UU1 Apr 25.42o3 


O/icrono/i nooo 
2452024. y2oz 


a nn 
41)1) 


2U.9o7 




6050 


OAA1 A „ „ OCT AOAO 

2UU1 Apr 25.4343 


O/icrono/i no/io 

24521)24.9343 


/< nn 

400 


o 1 nn a 

21.004 




/?n cr -i 

5051 


OAA1 A „ „ OCT /l/lnO 

2UU1 Apr 25.4402 


O/icrono/i n^no 

24521)24. 94U2 


/< nn 

400 


on nnn 

2U.999 




0052 


onn i A /i/i£!o 

2UU1 Apr 25.4402 


O/icrono/i fnco 
2452024. y4o2 


a nn 
400 


o i n cr o 
21.053 




0055 


2UU1 Apr 25.4o2o 


O/icrono/i ncof; 
2452024. 9b2o 


/i nn 
400 


o 1 no o 
21.033 




o05o 


onn i \ ^f?oc 

2UU1 Apr 25.4oo5 


O/icrono/i ncocr 
2452024. yooo 


a nn 
400 


o i nTi 
21.071 




6057 


OAA1 A OCT ATAC 

2UU1 Apr 25.4745 


O/icrono/i nT/icr 

2452U24.9745 


/< nn 

400 


o 1 n crn 

21.050 




6068 


oaai A otr cr o cr o 

2001 Apr 25.5358 


O/icronocr nocro 

2452025. U35o 


/< nn 

400 


O "1 "1 O A 

21.134 




a n r\ 

o0o9 


onm A. otr cr /l i o 

2UU1 Apr 25.5418 


O/icronocr a^ 1 o 

2452025. U41o 


A nn 

400 


o "i "i no 

21.193 




0070 


2UU1 Apr 25.5478 


O/icronocr n^'70 
2452025. U47o 


/i nn 
400 


o i i o cr 
21. loo 




0071 


onm A, (ir CTCTOO 

2UU1 Apr 25.5538 


O/icronocr ncroo 
2452025. U53o 


a nn 
400 


oi i ncr 
21.195 




1 no 1 

1021 


2001 May 11.2553 


O/icron/in Ttrcro 

2452U4U.7552 


/< nn 

400 


O "1 "1 oo 

21.122 




1022 


2001 May 11.2613 


O/icron/in t^mo 

2452040. 7ol3 


/< nn 

400 


o 1 1 on 

21.139 




i no o 

1023 


2001 May 11.2673 


O/icron/in t^jto 

2452040.7673 


A nn 

400 


O "1 "1 CCi 

21.100 




1 not; 

102o 


2001 May 11.2879 


O/icron/in 7C7n 
2452040.7879 


/i nn 
400 


o i i a cr 
21.145 




i noT 
1027 


2001 May 11.2939 


O/icron/in Tnon 
2452040.7939 


a nn 
400 


OI 1 £?~t 

21.l0l 




i non 
1030 


onm i\/r~~ i i 01 /in 

2001 May 11.3140 


O/icron/in oi /in 
2452040.8140 


/i nn 
400 


01 crn 
21.250 




1 no 1 

1031 


onm A/r n 1 1 oonn 

2001 May 11.32UU 


O/lcron/ln oonn 

2452040. 82UU 


/< nn 

400 


"i 0/^0 
21.2o2 




1 no a 

1034 


onm l\/r n 1 1 oo/"o 

2001 May 11.3368 


O/lcron/ln oo/^o 

2452040.8368 


A nn 

400 


01 cr 

21.253 




i no cr 

1035 


onm i\/r~~ 1 1 joo 

2001 May 11.3428 


O/icon/in O/ioo 
2452040.8428 


/i nn 
400 


01 ooi; 
21.2oo 




103o 


onm i\/r~~ 11 O/ioo 

2001 May 11.3488 


O/icon/in O/ioo 
2452040.8488 


a nn 
400 


01 cr 
21. 25o 




onon 
2030 


onm i\/r~~ 10 oc7^ 
2001 May 12.2574 


O/icon/ii 7C7/i 
2452041.7574 


/i nn 
400 


01 1 cr 
21.153 




onoo 

2032 


onm l\/r n 1 o/"n/l 

2001 May 12.2694 


O/lcron/11 T^?n^ 

2452041.7694 


/< nn 

400 


"i onn 

21.200 




OA 1 )/ 1 

2036 


onm l\/r n 1 oncrn 

2001 May 12.2959 


O/lcron/11 Tntrn 

2452041.7959 


A nn 

400 


O "1 O/T? 

21.207 




onon 

2039 


onm l\/r n 1 1 A n 

2001 May 12.3149 


O/lcron/11 01 /in 

2452041.8149 


/< nn 

400 


21.271 




on a n 
2040 


onm i\/r~~ 10 oonn 

2001 May 12.3209 


O/icon/ii oonn 
2452041. 82U9 


a nn 
400 


21.2o7 




on cn 
2050 


onm i\/r~~ 10 0/110 

2001 May 12.3418 


O/icon/ii o /i i o 
2452041.8418 


/i nn 
400 


01 cr 
21.25o 




on cr o 

2052 


onm l\/r n 1 ocron 

2001 May 12.3539 


O/lcron/11 ocron 

2452041.8539 


/< nn 

400 


"i o/^n 

21.2o9 




on cr a 
2056 


onm l\/r n 1 oono 

2001 May 12.38U3 


O/lcron/11 oono 

2452041. 88U3 


A nn 

400 


01 a n 

21.240 




on cr o 

2058 


onm A/r n 1 onoo 

2001 May 12.3922 


O/lcron/li onoo 

2452041.8922 


/< nn 

400 


OI O "1 T 

21.217 




on en 

2059 


onm i\/r~~ 10 onoo 
2001 May 12.3982 


O/icron/ii onoo 
2452041.8982 


a nn 
400 


01 01 cr 
21.215 




20o7 


onm i\/r~~ 10 aac\a 

2001 May 12.4194 


O/icron/ii m n /i 
2452041.9194 


/i nn 
400 


01 1 cr cr 
21.155 




20oo 


onm i\/r~~ 10 /locr/i 
2001 May 12.4254 


O/icron/ii nocr/i 
2452041.9254 


/i nn 
400 


OI 1 OT 

21.137 




on^70 

2072 


onm l\/r n 10^ A to 

2001 May 12.4478 


O/lcron/li nd^o 

2452041.9478 


a nn 

400 


01 1 on 

21.130 




2074 


onm l\/r n 10 A crno 

2001 May 12.4598 


O/lcron/li ncrno 

2452041.9598 


/< nn 

400 


01 1 n^7 

21.107 




onTO 
207o 


onm i\/r~~ 10 ^oco 
2001 May 12.4862 


O/icron/ii noco 
2452041.9862 


a nn 
400 


01 1 no 
21.102 




onTn 
2079 


onm i\/r~~ 10 /inoo 
2001 May 12.4922 


O/icron/ii nnoo 
2452041.9922 


/i nn 
400 


OI 1 A d 

21.146 




ono cr 
3025 


onm i\/r~~ 1 oc7^ 
2001 May 13.2574 


O/icron/io , 7cr'7/i 
2452042.7574 


/i nn 
400 


1 onn 
21.209 




3026 


onm l\/r n 1 o/"0/l 

2001 May 13.2634 


O/lcron/lo t^jo^ 

2452042.7634 


a nn 

400 


OI OO A 

21.224 




3032 


2001 May 13.2963 


2452042.7963 


400 


21.222 




3034 


2001 May 13.3085 


2452042.8085 


400 


21.242 




3036 


2001 May 13.3205 


2452042.8205 


400 


21.262 




3039 


2001 May 13.3384 


2452042.8384 


400 


21.263 




3049 


2001 May 13.3623 


2452042.8623 


400 


21.159 




3050 


2001 May 13.3683 


2452042.8683 


400 


21.219 




3056 


2001 May 13.3980 


2452042.8980 


400 


21.094 




3058 


2001 May 13.4102 


2452042.9102 


400 


21.125 




3060 


2001 May 13.4222 


2452042.9222 


400 


21.108 



12 



Table 3. (continued) 



Object 


Image a 


UT Date b 


Julian Date c 


Exp d 

(sec) 


Mag. e 
(mR) 




3063 


2001 May 13.4403 


O/icon/in n^no 

24521)42. 94U3 


a nn 

400 


Ol "IOO 

21.122 




on£? r 

3065 


2001 May 13.4523 


O/icron/io ntroo 

24521)42.9523 


A nn 

400 


21.071 




3000 


2001 May 13.4583 


2452U42.9583 


400 


Ol 10*7 

21.127 


1 nnT /^C 

1997 C^29 














0U23 


2001 reb 21.2409 


2451901.7409 


/i nn 
4UU 


01 0^1 
21.301 




6024 


onm tv i-. "i r n 

2001 ^eb 21.2529 


0/ir-|n/?"l Ttton 

2451901.7529 


/i nn 

400 


O "1 Of A 

21.304 




/"n ~i 

6031 


n n 1 tv I-. "i 0010 

2001 l^eb 21.2818 


O/icm^i toio 

2451961.7818 


A nn 

400 


Ol O r A 

21.354 




£?noo 

6032 


n n 1 tv I-. 01 t t 

2UU1 .teb 21.2877 


O/ICin^l TOTT 

2451961.7877 


/< nn 

400 


Ol O/? O 

21.368 




0033 


n n 1 tv I-. 01 ofior 

2UU1 l^eb 21.2930 


O/icm^i Tno£? 

2451901.7930 


A nn 

400 


1 7n 

21.370 




0U37 


onm tvl 01 01 to 

2UU1 reb 21.3172 


2451901.8172 


/i nn 
4UU 


Ol OTC 

21.375 




6038 


n n 1 tv "U 01 0001 

2UU1 -beb 21.3231 


O/icm^i 0001 

2451901.8231 


/i nn 

400 


21.386 




6043 


n n 1 tv I-. 01 tr n tr 

2UU1 l^eb 21.3505 


2451961.8505 


A nn 

400 


21.372 




£?n ^ ^ 

0044 


n n 1 TV I-. 01 O r /? r 

2UU1 .teb 21.3505 


2451901.8504 


/< nn 

400 


O "1 O/? r 

21.365 




£?n a n 

0049 


n n 1 tv I-. 01 /J 

2UU1 l^eb 21.384o 


2451901.8840 


A nn 

400 


21.307 




0U5U 


2UU1 -beb 21.39U0 


2451901.891)0 


/i nn 
4UU 


1 O/^T 

21.307 




0U51 


2UU1 -beb 21.3900 


2451901.8900 


/i nn 
4UU 


01 o/?o 
21.308 




0U54 


2UU1 reb 21.4129 


2451901.9129 


a nn 
4UU 


Ol OCA 

21.354 




£?n tr r 

6055 


n n 1 tv 01 /Jinn 

2UU1 *eb 21.4191) 


O/icm^i ninn 

2451901. 9191) 


/< nn 

400 


01 000 
21.626 




£?n tr 

0058 


onm tvu 01 /Joto 

2UU1 .teb 21.4372 


O/icm^i noTo 

2451901.9372 


A nn 

400 


01 000 
21.666 




0U59 


onm tv u 01 a a 
2UU1 reb 21.4432 


a c 1 n^; 1 n /i 00 
2451901.9432 


/i nn 
4UU 


01 0^1 
21.301 




0U02 


onm tv u 01 /irnn 
2UU1 reb 21.4591) 


2451901.9591) 


/i nn 
4UU 


01 01 1 
21.311 




6063 


n n 1 tv "U 01 Ad tr n 

2001 ieb 21.4650 


2451961.9650 


a nn 

400 


O "1 O O r 

21.335 




6068 


2001 reb 21.493s 


O/icm^i nnoo 

2451961.9938 


/< nn 

400 


01 A a 

21.340 




0009 


onm tt 1 ,,!-. 01 jnno 

2001 leb 21.4998 


O/icm^i nnno 

2451901.9998 


A nn 

400 


"i oon 

21.329 


2001 CZ31 














5037 


onm ttuu on onoo 
2001 reb 20.2983 


245190U.7982 


onn 
3UU 


01 CO(\ 

21.039 




5038 


onm T7v.u on ou t 
2001 reb 2U.3117 


a c 1 n/^n oil'? 
245190U.8117 


onn 
3UU 


Ol 

21.051 




5039 


onm tt 1 ,,!-. on o i c A 

2001 reb 2U.3164 


245190U.8104 


onn 

300 


21.671 




r n /J n 

5040 


onm tt 1 ,,!-. on 0011 

2001 reb 2U.3211 


245190U.8211 


onn 

300 


21.676 




r n ^ n 

51)49 


onni Tr^l-. on or ^ 

2001 reb 20.3643 


2451900. 8043 


onn 

300 


21.780 




rnrn 

51)51) 


onm T7v.u on ocm 
2001 reb 20.3691 


245190U.8091 


onn 
3UU 


1 Ton 

21.78U 




51)51 


onni ttuu on otoo 
2001 leb 20.373s 


O/iciri/^n C700 
245190U.8738 


onn 
3UU 


1 TOO 

21.732 




rnrn 

51)52 


onm ttuu on 070 c 
2001 reb 20.3785 


245190U.8785 


onn 
3UU 


Ol OCA 

21.854 




r n tr 

5053 


onm tt , „k on 0000 

2001 reb 2U.3833 


2451960.8833 


onn 

300 


Ol T A T 

21.747 




rnr /| 

51)54 


onm tt , „k on ooon 

2001 reb 20.3880 


2451900.8881) 


onn 

300 


01 /"Ol 

21.681 




rnr r 

51)55 


onm ttuu on ono"7 
2001 reb 2U.3927 


0/inri£;n 0007 
245190U.8927 


onn 
3UU 


1 7n c 
21.705 




rnr^ 

5050 


onm ttuu on on^tc 
2001 reb 2U.3975 


245190U.8975 


onn 
3UU 


01 c 77 
21.577 




rnrr; 

51)57 


onm ttuu on /inoo 
2001 reb 2U.4022 


O/iciri/^n nnoo 
245190U. 91)22 


onn 
3UU 


01 £?/^n 

21.bby 




r n r 

5058 


onm tt , „k on Aci'yri 

2001 reb 2U.4070 


O/ici n/?A nnTn 

2451960.9070 


onn 

300 


01 r/^o 

21.bb2 




5059 


2001 Feb 20.4117 


2451960.9117 


300 


21.632 




5060 


2001 Feb 20.4165 


2451960.9165 


300 


21.652 




5061 


2001 Feb 20.4212 


2451960.9212 


300 


21.635 




5062 


2001 Feb 20.4260 


2451960.9260 


300 


21.660 




5063 


2001 Feb 20.4307 


2451960.9307 


300 


21.725 




5064 


2001 Feb 20.4354 


2451960.9354 


300 


21.791 




5065 


2001 Feb 20.4402 


2451960.9402 


300 


21.794 




5066 


2001 Feb 20.4449 


2451960.9449 


300 


21.799 




5067 


2001 Feb 20.4498 


2451960.9498 


300 


21.752 
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Table 3. (continued) 



Object Image a 


UT Date b 


Julian Date c 


Exp d 
(sec) 


Mag. e 
(mR) 


cn/; o 

51)58 


oaai t~vi on 4 C 4 c 
2001 reb 20.4545 


245195U.9545 


onn 
oUU 


1 TTC 

21.775 


— nZ l n 

5069 


onni tvu on 4 cno 

2001 .teb 20.459o 


0/icinz?n ncno 

2451960.9593 


onn 

300 


21.789 


cnTc 

5075 


onni ttv,!-. on 4r\r\t 

2001 i^eb 20.4991 


o /i p" ~i n /" n nnm 

245195U.9991 


onn 


21.511 


cnT/; 

5075 


onni uuk on cnon 

2001 *eb 20.5Uo9 


2451951. 00o9 


onn 
oUU 


o i Ton 
21.7o9 


cn77 
51)77 


onni uuk on cnoc 

2001 *eb 20.5U85 


o 4 ci nnoc 

2451951.0085 


onn 
oUU 


1 coo 

21.582 


cnTO 

5078 


onni T7t,"U on ci oo 

2001 ieb 20.5133 


ojcrinn moo 

2451951. Oloo 


onn 

300 


21.528 


t n^n 

5079 


onni tvu on ci oi 

2001 i^eb 20.5181 


2451951.0181 


onn 

300 


O 1 T1 /? 

21.716 


6034 


onni tvu oi onno 

2001 i^eb 21.oUUo 


ci onno 

2451961.8003 


o cn 

350 


o i Ton 

21.729 


z?no c 

50o5 


onni ttv,!-. oi onco 

2001 i^eb 21.oU58 


0/Jcinz?i onco 

2451951. 8058 


o cn 

o5(J 


21.795 


50oo 


onni uuk oi 01 1 o 
2001 reb 21. olio 


o ^ c i 1 o 1 1 o 
2451951. 811o 


o cn 
o5U 


1 /?7A 

21.579 


/;n /i i 
5041 


Onni TTVU 1 OOC7 

2001 *eb 21.0007 


O A C 1 C\d 1 COO'7 

2451951. 8o87 


o cn 
o5U 


o 1 /; cz; 
21.585 


z?n a o 

6042 


onni tvu oi O/i/io 

2UU1 i^eb 21.o442 


O /J C 1 n/? 1 O/l/lO 

2451951.8442 


o cn 

350 


21.663 


z?n /< t 

6047 


Onni T7V,!-. OI OTOO 

2UU1 i^eb 21.0722 


2451951.8722 


o cn 

350 


O "1 O/ 1 /I 

21.854 


z?n /< o 

5048 


Onni T7V,!-. OI OTTZ? 

2UU1 i^eb 21.0770 


2451951. 8775 


o cn 

o5(J 


1 "TA/? 

21.795 


5055 


onni ttvu o i ^nro 
2001 reb 21.4258 


Oz)c;inci no c o 
2451951.9258 


o cn 
o5U 


o 1 o 
21.558 


5057 


onni uuk o i /ioio 
21)1)1 reb 21.4ol2 


oh ci nci Aoi o 
2451951. 9ol2 


o cn 
o5U 


oi z?i n 
21.511) 


1029 


onni \ on occo 

2UU1 Apr 2U.255o 


com n tcco 
2452l)iy.755o 


^ nn 
4UU 


o 1 oz;n 
21.859 


1030 


onni A on o/m o 

2UU1 Apr 2U.251o 


O/i COA1 n ^7/?10 

24521)19. 7olo 


4 nn 

41) (J 


o "i non 

21.9o9 


i no /i 
10o4 


onni \ „„ on oocn 
2UU1 Apr 2U.2850 


Oyicomn ^ocn 
24521)19.7851) 


nn 
4UU 


o 1 n a n 
21.941) 


lOoo 


onni A on once 
2UU1 Apr 2U.2958 


o^comn ^n^o 
24521)19.7908 


4 nn 
4UU 


oi 01 z; 
21.815 


i noT 
10o7 


onni A ^« on onoo 
2UU1 Apr 2U.o028 


o^comn onoo 
24521)19. 8U28 


^ nn 
4UU 


o 1 o on 
21.8o9 


1 no o 
10o8 


onni A ^« on onon 
2UU1 Apr 2U.O089 


com n onon 
24521)19. 8U89 


^ nn 
4UU 


1 TTn 

21.779 


1039 


onni A on oi cn 

2UU1 Apr 2U.O150 


O/icomn oi cn 

2452U19.815U 


4 nn 

400 


O "1 O "1 "1 

21.811 


1040 


onni A on ooi o 

2UU1 Apr 2U.o21o 


O/icomn 0010 

2452U19.821o 


/J nn 

400 


1 TTC 

21.775 


1U44 


onni A on oaco 

2UU1 Apr 2U.0458 


O/icomn O/ico 

2452U19.84o8 


4 nn 

41) (J 


o "i o on 

21.829 


1 A^r 

11)45 


onni A on o c i o 

2UU1 Apr 2U.o51o 


o^comn ocio 
24521)19.8518 


^ nn 
4UU 


o i nnT 
21.9U7 


1 nno ut/ 

1998 MKi5i 










4(J8(J 


onnn A on conT 

2000 Apr 30.5807 


0/JC1£?£?C AOA*7 

2451665.0807 


nn 

400 


O 1 O 1 o 

21.810 


/< no 1 

4081 


onnn A ^ on — o z 1 z 1 

2000 Apr 30.58OO 


O^ C1 CCC AO/ 1 / 1 

2451665.0866 


4 nn 

400 


O 1 Z 1 O T 

21.687 


A noo 

4082 


onnn A on cno/? 

2000 Apr 30.5926 


O/i ci /^^c nno/ 1 

2451555. (J92o 


/J nn 

41) (J 


O "1 OOT 

21.827 


/i no o 
408o 


2000 Apr 30.5985 


O/l C1 CCC AAOC 

2451555. (J985 


^ nn 
4UU 


o i z;no 
21.5U8 


51)45 


onnn t\t~-. i ^no^ 

2000 May 1.4036 


o 4 c i c nno/; 
2451555. 9Uoo 


^ nn 
4UU 


1 771 

21.771 


5045 


onnn t\t~,. 1 mno 

2000 May 1.4U98 


o c i aa c nnno 
2451555. 9U98 


^ nn 
4UU 


OI 71 1 

21.711 


cn a t 

5047 


onnn T\T n i A i cro 

2000 May 1.4158 


0/Jciz?z?c m co 

2451665.9158 


4 nn 

400 


1 77A 

21.770 


cn c o 

51)52 


onnn T\T n i aae:*7 

2000 May 1.4457 


0/ici/?/?c n/ic/? 

2451555.9455 


/J nn 

41) (J 


o "i 7Z"n 

21.760 


505o 


onnn t\t~-. i ^ri 7 

2000 May 1.4517 


O/i ci ^cc nciT 
2451555.9517 


^ nn 
4UU 


1 71 C 

21.716 


5057 


onnn t\t~-. 1 /(Ton 

2000 May 1.478U 


O/i ci ^cc A7on 
2451555. 978U 


^ nn 
4UU 


1 TOO 

21.788 


rAto 

5058 


onnn t\t~-. 1 /(O/in 

2000 May 1.484U 


O/i ci ccc no/in 
2451555. 984U 


^ nn 
4UU 


21.778 


cn/?o 

5062 


onnn T\T n 1 rnno 

2000 May 1.5093 


O/Jciz?/?/? nnno 

2451666.0093 


4 nn 

400 


1 TOO 

21.782 


5063 


2000 May 1.5154 


2451666.0153 


400 


21.747 


5067 


2000 May 1.5411 


2451666.0411 


400 


21.588 


5068 


2000 May 1.5471 


2451666.0471 


400 


21.806 


5069 


2000 May 1.5530 


2451666.0530 


400 


21.766 


5070 


2000 May 1.5589 


2451666.0589 


400 


21.722 


5071 


2000 May 1.5648 


2451666.0649 


400 


21.678 


5072 


2000 May 1.5708 


2451666.0708 


400 


21.804 


5073 


2000 May 1.5767 


2451666.0767 


400 


21.663 


5074 


2000 May 1.5827 


2451666.0827 


400 


21.688 



14 



Table 3. (continued) 



Object 


Image 3 


UT Date b 


Julian Date c 


Exp d 


Mag. e 










(sec) 


(m R ) 




5075 


2000 May 1.5889 


2451666.0889 


400 


21.656 




5076 


2000 May 1.5949 


2451666.0949 


400 


21.658 



a Image number. 

b Decimal Universal Date at the start of the integration. 
c Julian Date at the start of the integration. 
d Exposure time for the image. 

e Apparent red magnitude, uncertainties are ±0.02 to 0.03 for the brighter objects (< 21.0 mags.) and ±0.04 to 
0.05 for fainter objects. 
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Table 4. Properties of Observed KBOs 





Name 


m R a 


Nights b 




Single d 


Double 6 






(mag) 


(#) 


(mag) 


(hrs) 


(hrs) 


(38628) 


2000 EBi 73 


19.18 ±0.03 


3 


< 0.06 






(20000) Varuna 2000 WRi 06 f 


19.70 ±0.25 


8 


0.42 ± 0.03 




6.34 ±0.01 


(26375) 


1999 DE 9 


20.02 ±0.03 


3 


< 0.10 


> 12? 




(26181) 


1996 GQ 2 i 


20.35 ±0.04 


6 


< 0.10 








2000 GN m 


20.60 ±0.30 


9 


0.61 ±0.03 




8.329 ±0.005 


(19521) 


Chaos 1998 WH 24 


20.65 ±0.10 


2 


< 0.10 


? 


? 


(33340) 


1998 VG44 


20.95 ±0.10 


3 


< 0.10 








2001 FZ 173 


21.05 ±0.05 


2 


< 0.06 






(33128) 


1998 BU 48 


21.25 ±0.35 


7 


0.68 ±0.04 


4.9 ±0.1 
6.3 ±0.1 


9.8 ±0.1 
12.6 ±0.1 




1999 KRie 


21.15 ±0.15 


10 


0.18 ±0.04 


5.929 ±0.001 
5.840 ±0.001 


11.858 ±0.002 
11.680 ±0.002 




1997 CS 29 


21.36 ±0.04 


1 


< 0.08 








2001 CZ31 


21.70 ±0.10 


5 


< 0.20 


? 


? 




1998 HKisi 


21.75 ±0.05 


2 


< 0.15 







a Mean red magnitude on the date having the majority of observations. 

b Number of nights used to determine the lightcurve. 

c The peak to peak range of the lightcurve. 

d The lightcurve period if there is one maximum per period. 

e The lightcurve period if there is two maximum per period. 

f See Jewitt and Sheppard (2002) for details. 
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Table 5. Colors of Observed Kuiper Belt Objects 



Name 




B-V 


V-R 


R-I 






(mag) 


(mag) 


(mag) 


(38628) 2000 


EBi73 a 


0.93 ±0.04 


0.65 ±0.03 


0.59 ±0.03 


(20000) Varuna 2000 


WR 106 b 


0.85 ±0.01 


0.64 ±0.01 


0.62 ±0.01 


(26375) 1999 


DEg a 


0.94 ±0.03 


0.57 ±0.03 


0.56 ±0.03 


(26181) 1996 


GQ 2 i 




0.69 ±0.03 




2000 


GN m 


0.92 ±0.04 


0.63 ±0.03 


0.56 ±0.03 


(19521) Chaos 1998 


WH 24 C 


0.94 ±0.03 


0.62 ±0.03 




(33340) 1998 


VG 44 d 


0.93 ±0.05 


0.61 ±0.04 


0.77 ± 0.04 


2001 


FZ173 








(33128) 1998 


BU 48 


0.77 ± 0.05 


0.68 ±0.04 


0.50 ±0.04 


1999 


KR 16 


0.99 ±0.05 


0.75 ±0.04 


0.70 ±0.04 


1997 


CS29 & 


1.16 ±0.06 


0.61 ±0.05 


0.66 ±0.05 


2001 


CZ31 


0.60 ±0.15 


0.5 ±0.1 


0.3 ±0.1 


1998 


HK 1B1 d 




0.45 ± 0.04 


0.42 ± 0.04 



a From Jewitt & Luu 2001. 
b See Jewitt & Sheppard 2002. 
c From Tegler & Romanishin 2000. 

d From Boehnhardt et al. 2001. 
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Table 6. Color Measurements of 2000 GN 171 



Image 


UT Date 


JD c a 


Phase b 


R c 


B-R 


V-R 


R-I 



2049 


2001 


Apr 


21.3523 


2452020 


8523 





937 


2055 


2001 


Apr 


21.3853 


2452020 


8853 





032 


2067 


2001 


Apr 


21.4306 


2452020 


9306 





162 


2071 


2001 


Apr 


21.4535 


2452020 


9535 





228 


2080 


2001 


Apr 


21.4969 


2452020 


9969 





353 


2051 


2001 


Apr 


21.3619 


2452020 


8619 





964 


2053 


2001 


Apr 


21.3753 


2452020 


8752 





003 


2069 


2001 


Apr 


21.4401 


2452020 


9401 





190 


2073 


2001 


Apr 


21.4632 


2452020 


9632 





256 


2082 


2001 


Apr 


21.5066 


2452021 


0066 





381 


2052 


2001 


Apr 


21.3668 


2452020 


8668 





979 


2070 


2001 


Apr 


21.4452 


2452020 


9452 





205 


3052 


2001 


Apr 


22.3304 


2452021 


8303 





755 


3054 


2001 


Apr 


22.3417 


2452021 


8417 





788 


3057 


2001 


Apr 


22.3566 


2452021 


8566 





831 


3061 


2001 


Apr 


22.3817 


2452021 


8817 





903 


3064 


2001 


Apr 


22.3962 


2452021 


8962 





945 


3074 


2001 


Apr 


22.4333 


2452021 


9333 





052 


3056 


2001 


Apr 


22.3518 


2452021 


8518 





817 


3059 


2001 


Apr 


22.3663 


2452021 


8663 





859 


3063 


2001 


Apr 


22.3914 


2452021 


8914 





931 


3060 


2001 


Apr 


22.3711 


2452021 


8711 





872 


4040 


2001 


Apr 


23.3032 


2452022 


8031 





558 


4044 


2001 


Apr 


23.3261 


2452022 


8261 





624 


4048 


2001 


Apr 


23.3508 


2452022 


8508 





695 


4064 


2001 


Apr 


23.4109 


2452022 


9109 





869 


4068 


2001 


Apr 


23.4338 


2452022 


9338 





934 


4042 


2001 


Apr 


23.3128 


2452022 


8128 





586 


4046 


2001 


Apr 


23.3370 


2452022 


8370 





656 


4050 


2001 


Apr 


23.3617 


2452022 


8616 





727 


4066 


2001 


Apr 


23.4204 


2452022 


9204 





896 


4070 


2001 


Apr 


23.4435 


2452022 


9435 





963 


4043 


2001 


Apr 


23.3177 


2452022 


8177 





600 


4047 


2001 


Apr 


23.3424 


2452022 


8424 





671 


4067 


2001 


Apr 


23.4253 


2452022 


9253 





910 


3029 d 


2001 


May 13.2793 


2452042 


7793 





119 


3030 d 


2001 


May 13.2847 


2452042 


7847 





135 


3053 d 


2001 


May 13.3834 


2452042 


8834 





419 


3055 d 


2001 


May 13.3931 


2452042 


8931 





447 


3068 d 


2001 


May 13.4691 


2452042 


9691 





666 


3070 d 


2001 


May 13.4788 


2452042 


9788 





694 



MEAN 



20.745 


- 


0.687 


- 


20.510 


- 


0.635 


- 


20.342 


- 


0.582 


- 


20.435 


- 


0.692 


- 


20.828 


- 


0.634 


- 


20.679 


- 


- 


0.527 


20.578 


- 


- 


0.570 


20.360 


- 


- 


0.510 


20.522 


- 


- 


0.558 


20.856 


- 


- 


0.621 


20.642 


1.561 


- 


- 


20.381 


1.631 


- 


- 


20.387 


- 


0.590 


- 


20.503 


- 


0.567 


- 


20.671 


- 


0.606 


- 


20.790 


- 


0.706 


- 


20.727 


- 


0.682 


- 


20.470 


- 


0.614 


- 


20.620 


- 


- 


0.640 


20.753 


- 


- 


0.605 


20.756 


- 


- 


0.502 


20.777 


1.498 


- 


- 


20.393 


- 


0.588 


- 


20.298 


- 


0.606 


- 


20.281 


- 


0.616 


- 


20.771 


- 


0.509 


- 


20.749 


- 


0.645 


- 


20.341 


- 


- 


0.641 


20.279 


- 


- 


0.569 


20.318 


- 


- 


0.525 


20.792 






0.499 


20.684 






0.542 


20.322 


1.431 






20.276 


1.499 






20.785 


1.656 






20.366 




0.614 




20.352 




0.635 




20.823 




0.688 




20.753 




0.627 




20.276 




0.635 




20.281 




0.600 





1.55 ±0.03 0.63 ±0.03 0.56 ± 0.03 



a Julian day at start of exposure. 

b Phase of 2000 GN171 corresponding to color measurement. Phases of 0.2 and 0.7 correspond to maximum 
brightness (~ 20.3) and 0.4 and 0.9 correspond to minimum brightness (~ 20.9). 
C R magnitude interpolated to the time of the corresponding BVI data. 
d R and V magnitudes are corrected for phase and distance difference from April data. 
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Table 7. Color Measurements of (33128) 1998 BU 



Image 


UT Date 


JD c a 


Phase b 


R c 


B-R 


V-R 


R-I 


4098 


2001 Nov 17.5907 


2452231.0907 


0.3418 


21.138 




0.613 




4107 


2001 Nov 17.6458 


2452231.1458 


0.5519 


20.934 




0.656 




4099 


2001 Nov 17.5968 


2452231.0967 


0.3647 


21.091 






0.542 


5088 


2001 Nov 18.5635 


2452231.9666 


0.1916 


21.490 


1.497 






5091 


2001 Nov 18.5819 


2452231.9850 


0.3042 


21.227 


1.408 






5095 


2001 Nov 18.6056 


2452232.0087 


0.0533 


21.529 




0.777 




5087 


2001 Nov 18.5558 


2452231.9589 


0.1237 


21.564 




0.698 




5090 


2001 Nov 18.5760 


2452231.9791 


0.2141 


21.446 




0.645 




5098 


2001 Nov 18.6233 


2452232.0264 


0.0242 


21.483 






0.519 


5094 


2001 Nov 18.5997 


2452232.0028 


0.1011 


21.566 






0.380 


5099 


2001 Nov 18.6292 


2452232.0323 


0.2817 


21.283 






0.574 


MEAN 










1.45 ±0.05 


0.68 ±0.04 


0.50 ±0.04 



a Julian day at start of exposure. 

b Phase of (33128) 1998 BU48 corresponding to color measurement of the single-peaked 6.29 hour lightcurve. The 
phase of 0.6 corresponds to maximum brightness (~ 20.9) and 0.1 corresponds to minimum brightness (~ 21.6). 
C R magnitude interpolated to the time of the corresponding BVI data. 
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Table 8. Color Measurements of 1999 KRi 6 



Image 


UT Date 


JD c a 


Phase b 


R c 


B-R 


V-R 


R-I 


oriQ i 
zUoi 


2001 


May 


12.2634 




U.ioo 


21 


.107 




U. /UO 




zvoo 


2001 


May 


12.2899 


0/1 KOr\A 1 7COO 


ft O/l A 
U..Z44 


21 


.173 




U. / DO 




2051 


2001 


May 


12.3479 


2452041.8479 


0.482 


21 


.183 




0.748 


_ 


2055 


2001 


May 


12.3743 


2452041.8743 


0.590 


21 


.161 




0.770 


- 


2069 


2001 


May 


12.4314 


2452041.9314 


0.825 


21 


.048 




0.798 




2073 


2001 


May 


12.4538 


2452041.9538 


0.917 


21 


.016 




0.778 




2033 


2001 


May 


12.2754 


2452041.7754 


0.184 


21 


.141 






0.713 


2037 


2001 


May 


12.3020 


2452041.8019 


0.293 


21 


.189 






0.734 


2053 


2001 


May 


12.3599 


2452041.8599 


0.531 


21 


.174 






0.699 


2057 


2001 


May 


12.3862 


2452041.8862 


0.640 


21 


.145 






0.660 


2034 


2001 


May 


12.2815 


2452041.7814 


0.209 


21 


.156 


i.7i:; 






2054 


2001 


May 


12.3659 


2452041.8659 


0.556 


21 


.169 


1.738 






3035 


2001 


May 


13.3145 


2452042.8144 


0.454 


21 


.187 




0.698 




3038 


2001 


May 


13.3325 


2452042.8325 


0.528 


21 


.175 




0.808 




3057 


2001 


May 


13.4042 


2452042.9042 


0.823 


21 


.050 




0.787 




3059 


2001 


May 


13.4162 


2452042.9161 


0.872 


21 


.027 




0.721 




3062 


2001 


May 


13.4342 


2452042.9342 


0.947 


21 


.014 




0.736 




3037 


2001 


May 


13.3265 


2452042.8265 


0.504 


21 


.179 






0.706 


3040 


2001 


May 


13.3444 


2452042.8444 


0.577 


21 


.164 






0.727 


3061 


2001 


May 


13.4282 


2452042.9282 


0.922 


21 


.015 






0.692 


3064 


2001 


May 


13.4463 


2452042.9463 


0.996 


21 


.023 






0.652 


MEAN 
















1.74 ±0.04 


0.75 ±0.03 


0.70 ±0.03 



a Julian day at start of exposure. 

b Phase of 1999 KRi6 corresponding to color measurement of the single-peaked 5.84 hour lightcurve. The phase of 
0.9 corresponds to maximum brightness (~ 21.0) and 0.4 corresponds to minimum brightness (~ 21.2). 

C R magnitude interpolated to the time of the corresponding BVI data. R magnitudes are corrected for phase and 
distance difference from April data so they can be compared to the plots directly. 
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Table 9. List of Large Objects with Large Amplitude Lightcurves. 



Name 


Type 


a xb x c 


P 


A mag 


Period 


comment 






(km) 


(kg m 3 ) 


(mag) 


(hrs) 




Pluto 


planet 


2300 


2061 


0.33 


6.4d 


albedo 


Iapetus 


satellite 


1430 


1025 


2 


79.3d 


albedo 


Hyperion 


satellite 


350 x 240 x 200 


~ 1250 


0.5 


chaos 


fragment? 


624 Hektor 


Trojan 


300 x 150 


~ 2500 


1.2 


6.9 


contact binary? 


Amalthea 


satellite 


270 x 166 x 150 


~ 3000 






frag? /albedo 


15 Eunomia 


asteroid 


~ 270 x 160 x 115 


1160 


0.56 


6.1 


Jacobi? 


87 Sylvia 


asteroid 


~ 270 x 150 x 115 


1640 


0.62 


5.2 


Jacobi? 


16 Psyche 


asteroid 


~ 260 x 175 x 120 


2340 


0.42 


4.2 


Jacobi? 


107 Camilla 


asteroid 


~ 240 x 150 x 105 


1850 


0.52 


4.8 


Jacobi? 


Janus 


satellite 


220 x 190 x 160 


656 






fragment? 


45 Eugenia 


asteroid 


~ 210 x 145 x 100 


1270 


0.41 


5.7 


Jacobi? 



a Objects that have diameters > 200 km and lightcurves with peak-to-peak amplitudes > 0.40 
magnitudes. Pluto is the only exception since its lightcurve is slightly less than 0.40 magnitudes. 

Notes to Table 9. 

The Jacobi type main belt asteroids had their axis ratios and densities calculated from their am- 
plitudes and periods as described for the KBOs in the text. Data for the other objects were culled 
from the best measurements in the literature. 
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Table 10. Shape Models and Densities for KBOs with Lightcurves 



Name 


H 




Albedo 




Jacobi 




Binary 




(mag) 


(km) 


a : b 


P 


a : 


b : c 


P 


ai : a 2 


P 


Varuna b 


3.7 


900 


1 : 1 


> 1090 


> 1.5 : 


1 : 0.7 


> 1050 


> 1.4 : 1 


> 996 


2000 GN m 


5.8 


400 


1 : 1 


> 157 


> 1.75 


: 1 : 0.74 


> 635 


> 1.15 : 1 


> 585 


1998 BU 48 


7.2 


240 


1 : 1 


> 109 


> 1.87 


: 1 : 0.75 


> 456 


> 1.07 : 1 


> 435 


1999 KR 16 


5.8 


400 


1 : 1 


> 77 


> 1.18 


: 1 : 0.63 


> 280 


> 2.35 : 1 


> 210 


a Diameter computed 


assuming 


; that the albedo is 


0.04. 











b See Jewitt and Sheppard 2002. 
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Table 11. Other KBOs with Reported Lightcurve Observations 





Name 


Class a 


H 


A mag 


P 




e 


a 


Ref b 








(mag) 


(mag) 


(hr) 


n 




(AU) 




(28978) 


Ixion 2001 KX 76 


R 


3.2 






19.7 


0.246 


39.3 


SS,OR 


(19308) 


1996 T0 66 


C 


4.5 


0.25 


7.9 


27.4 


0.115 


43.4 


SS,OH 


(24835) 


1995 SM 55 


c 


4.8 






27.0 


0.110 


42.1 


ss 


(15874) 


1996 TL 66 


s 


5.4 






23.9 


0.587 


84.9 


RT,LJ 


(26308) 


1998 SMi 65 


c 


5.8 


0.45 


7.1 


13.5 


0.371 


47.8 


SS,R 


(15875) 


1996 TP 66 


R 


6.8 






5.7 


0.336 


39.7 


RT,CB 


(15789) 


1993 SC 


R 


6.9 






5.2 


0.185 


39.6 


RT,D 


(15820) 


1994 TB 


R 


7.1 






12.1 


0.321 


39.7 


SS 


(32929) 


1995 QY 9 


R 


7.5 


0.60 


7.3 


4.8 


0.266 


39.8 


SS,RT 



a S is a Scattered type object, C is a Classical type object, and R is a Resonance type object. 

b References where SS is Sheppard 2002; OH is Hainaut et al. 2000; RT is Romanishin & Tegler 
1999; OR is Ortiz et al. 2001; R is Romanishin et al. 2001.; CB is Collander-Brown et al. 1999; LJ 
is Luu and Jewitt 1998; D is Davies et al. 1997 
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Table 12. Phase Function Data for KBOs 



Name H G (3(a < 2°) 



2000 EBi 73 


4.44 ± 


.02 


-0.15 ±0 


.05 


0. 


.14 ±0. 


.02 


Varuna 


3.21 ±0 


.05 


-0.58 ±0 


.10 


0. 


.19 ±0 


.06 


1999 DE 9 


4.53 ±0 


.03 


-0.44 ± 


.07 


0. 


.18 ±0. 


.06 


1996 GQ 2 i 


4.47 ±0 


.02 


-0.04 ±0 


.05 


0. 


.14 ±0. 


.03 


2000 GN m 


5.98 ±0 


.02 


-0.12 ±0 


.05 


0. 


.14 ±0. 


.03 


1999 KR 16 


5.37 ±0 


.02 


-0.08 ±0 


.05 


0. 


.14 ±0 


,02 


2001 CZ 31 


5.53 ±0 


.03 


-0.05 ±0 


.07 


0. 


.13 ±0 


,04 


MEAN 






-0.21 ±0 


.04 


0, 


,15 ±0. 


.01 



Pluto b -1.00 ±0.01 0.88 ±0.02 0.0372 ± 0.0016 



a P(a < 2°) is the phase coefficient at phase angles < 2°. 

b Data for Pluto from Tholen and Tedesco (1994) while the G value was calculated 
by us. 
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